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PREFACE. 



The author was led to make the investi- 
gations contained in this little treatise by 
a desire to satisfy his own mind as to the 
relative advantages of several different 
methods which have been employed in 
the construction of Skew Arches. 

The two important points of compari- 
son that naturally suggest themselves to 
the investigator are : 

1st. Relative security ; 

2d. Relative facility of construction. 

A discussion and comparison of three 
modes of construction, with special refer, 
ence to these points, will be found in the 
following pages, together with brief de- 
scriptions of the manner of making the 
necessary draughts, patterns, templets, 
etc. 

The paper first appeared in Van Nos- 
trand's Engineering Magazine, for 
which it was written. 

E. W. Hyde. 
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PREFACE 
TO SECOND EDITION. 



As the demand for this little treatise 
had exhausted the first edition, a new one 
was plainly suggested. 

Although strictly technical in its char- 
acter, and belonging to the less frequented 
field of practical engineering, it manifestly 
supplied a want. 

The present issue, except for afew typo- 
graphical corrections is a literal reprint, of 
the first edition. 

G. W. P. 
Jem. 1900. 
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SKEW ARCHES. 



I PROPOSE in this paper to discuss to 
some extent three methods which have 
been employed in the construction of 
oblique or skew arches, and to make a 
comparison of their relative security, 
facility of construction, etc. 

The three methods will be designa 
ted as, 

1st. The Helicoidal method. 

2d. The Logarithmic method. 

3d. The " Come de Vaehe " or Cow*a- 
horn method. 

The first two names are derived from 
the nature of the coursing and heading, 
joint surfaces and their intersections with 
the soffit, and the third from the soffit 
itself, which is a warped surface that has 
been thus named. They will be consid- 
ered in the order given above. 



The following abbreviations will be 

nsed throughout the paper : 

C j e, for coursing joint curve, or inter- 
section of coursing joint with Boffit. 

H j c, for heading joint curve, 

C j s, for coursing joint surface. 

H j s, for heading joint surface. 

H P, for the horizontal plane of pro- 
jection. 

V P, for the vertical plane of projec- 
tion. 

P F, for the plane of the face of the 
arch. 

Ex. s, for the extradosal or outer sur- 
face of the arch. 

THE HEUCOIDAL METHOD. 

In this method the C j s's and H j s's 
are both warped helicoids, and of course 
their intersections with tho soffit helices. 

Let C* D D s C, be the projection of the 
soffit on the H P which coincides with the 
springing plane of the arch, and D' V C t 
is a semicircle whose radius will be desig- 
nated by r. 
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The Ex. b will be taken as a concentric 
cylinder projected in A B B, H, and B 1 
V A, and its radius will be designated 

by r,. 

To construct the C and H j c's we will 
first develop the soffit. Lay off 0, T = n 
= 3,1416 r; the points of the curve D E F 
Ci may be found by the principles of de- 
scriptive geometry or by means of the 
equation of the curve, which we shall ob- 
tain. The latter method is much more 
accurate for construction upon a large 
scale. 
Let h = D' D„ and a = angle C D t I?= 

obliquity of the arch ; .'. tang. a= — v - 

Also = variable angle s Q &. The 
origin will be taken first at 0,. We 
have from the figure 
Oi /3 = x = r B. 
Oy = iA,EyS = — y. 
--■ ik + y __ r (1— cos 0) _ 1 — cos 
h ~ 2r ~ 2 

1 — cos = j-— - 
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cos 0= — ■=- 



-(-?) 



whence x =r cos 1 1 ?\, 

Solving for y we have 

... h x 

(1) y = — g- cos — , 

which is the equation of D E F C, with 
the origin at O,. If the origin be moved 
to 0, the equation becomes 

From either of these equations the 
values of y for given values of x may be 
easily obtained by the aid of a table of 
natural sines and cosines. 

Having constructed the curve DEPC„ 
join D and C, by a straight line. This 
will be the development of a H j c. At 
0, draw 0, S perpendicular to D C,. O, 
S is the development of J of a spire of the 
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helix which forms the C j c's, and corre- 
sponds to the curve OPR. 

The angle T 0, S = T 0, 0, = t<mg.— x ™ 

(3) 
.-. TS= O a r tang TO,S = -^j- -\ rr'r tan a 

Now divide DEFC, into a convenient 
odd number of equal parts, so arranging 
it as to cause one of the C j c's as 6 D, 
to pass through D a . The developments 
of the C j c's are of course drawn parallel 
to 0^ S through the points of division of 
the curve DBF Ci. If it were not con- 
venient to divide D E F Ci in such a man- 
ner that a line through D, parallel to 0, S 
would exactly pass through one of the 
points of division, the direction of the 
C j c's might be slightly changed, or the 
divisions betwe°n D f d and 0, o 1 might 
be made very slightly larger or smaller, as 
the case required, then the divisions from 
D to 6 aud from C, to 6'. The latter 
method seems preferable, since it pre- 
serves the perpendicularity between the 
C and H j c's, and the difference in the . 
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size of the voussoirs would he so small as 
not to be noticeable. 

All the courses below 6" and o", run out 
into the abutment, and the impost must 
be cut in steps, as shown in the figure, 
into which the voussoirs will fit. 

A G- H B, is the development of the ex- 
trados, and the right line X y that of a 
helix in which one of the H j s's inter- 
sects the Ex. s. 4 R, is the develop- 
ment of the curve L R, , in which a 
C j s intersects the Ex. s. 

Tanx y 0, =-_ 
■nr\ 

T 8 x*i> . x n 



Tan 0, 0. li 

i 



■ tan i 



The C j s's are generated by a right 
line moving on the axis O Q as one di- 
rectrix, the helix P R as a second, and 
remaining always perpendicular to the 
former. Hence the V P is a plane direc- 
tor of the surface. 
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The details of the construction of a 
skew arch by this method are fully devel- 
oped in "A Practical and Theoretical 
Essay on Oblique Bridges," by John 
Watson Buck, M. Inst. C. E. He, how- 
ever, makes the C and H j s's hyperbolic 
paraboloids instead of helicoids, as fol- 
lows : The corners of the voussoirs are 
normals to the soffit at the intersection of 
the H and C j c's, and hence are elements 
of the warped helicoids, which should 
form the H and C j s's. The points 
where two of the normals on the same 
side of the voussoir pierce the soffit are 
joined by a right line, and this line is 
moved on the normals as directrices in 
such a manner as to pass over equal dis- 
tances, measured on the normals in equal 
times, by which operation a hyperbolic 
paraboloid is generated. The accompa- 
nying figure is an exaggerated represen- 
tation of the effect of cutting the stones 
in this manner. ABCD andEPGH 
are the developed introdosal surfaces of 
two voussoirs in successive courses. If 
the courses were not required to break 



joints, the stones would fit perfectly, but 
as this is necessary to the stability of the 
arch, that portion of a stone which is too 




full will come opposite to the portion of 
the one in the next course which is likewise 
too full, and similarly the hollow portion 
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of one opposite to the hollow portion of 

the next. 

The truth of these statements will 
appear as follows : The hyperbolic 
paraboloid evidently cannot coincide with 
the helieoid, as they are surfaces con- 
structed according to a different law. ■ 
The normals to the two adjacent corners 
of a voussoir are elements of both surfaces. 
The normal midway between these two 
is also an element common t o the 
two surfaces. Hence it is evident 
from the mode of their generation 
that the two surfaces intersect each 
other along each of these three lines. 
A section of the surfaces by a plane 
perpendicular to the middle normal 
would give something like the accompa- 
nying figure, - ^ _ ^- the straight 

line being the intersection with the hyper- 
bolic paraboloid and the curve that with 
the helieoid. 

However, if the vonssoirs are small 
compared with the whole arch, as in Fig, 
1, the difference between the paraboloidal 
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and helicoidal surfaces in the length of 
one voussoir will be exceedingly small, 
and the stones will fit with sufficient ex- 
actness for practical purposes. Never 7 
theless, the tendency is to cause the pres- 
sure to be unequally distributed, concen- 
trating it at K, K„ Kj and at A, C, E and 
G. The difficulty of cutting the warped 
faces of the voussoirs is considerably 
diminished by this approximate method. 

An investigation will now be made of 
the security of an arch constructed ac- 
cording to the helicoidal method. 

In order that there may be no tendency 
in the successive courses to slide upon 
each other, it is evident that each C j s 
must be at every point normal to the 
direction of the pressure at that point. 
We shall consider first the direction of 
pressure as regards its parallelism to a cer- 
tain vertical plane, without reference to 
the angle it may make at any point with 
the H P. This vertical plane is the place 
of the face of the arch. It is probable 
that the direction of pressure varies some- 
what with reference to this plane in differ- 
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ent portions of the arch, especially if the 
crown settles to any extent after removal 
of the centre. Still it must be approxi- 
mately parallel to the P F, otherwise the 
portions near B and A, would be un- 
supported and would consequently fall. 
For the purposes of the investigation 
then the direction of pressure will be 
assumed to be in a plane parallel to the 
P F, and from the results obtained we 
shall be able to see without difficulty 
the effect upon the security of the arch 
which would be produced if the direction 
of pressure were not parallel to the P F. 
Proceeding then on this assumption, a 
hue drawn on the C j s of any voussoir 
and lying in a plane perpendicular to the 
P F and to the H P ought to be horizon- 
tal, but as this line would be the intersec- 
tion of a warped hidicoid by a plane not 
containing an element of the surface, it 
must be a curve, and can only be hori- 
zontal at a maximum or a minimum 
point, at-infinity, or at some singular point. 
The intersection of the j s of avoussoir 
by a horizontal plane should give a line 
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perpendicular to the P F, bat this line 
■would be also a curve, and could have the 
required direction only at one or more 
points. It becomes necessary then to dis- 
cover the nature of these curves and the 
direction of their tangents at the point of 
piercing the soffit. 

In Fig. 1 (Frontispiece) the curves Q 
P', a, Q P', b, etc., are the vertical projec- 
tions of the curves cut by the vertical 
planes, P 4 £, P s it, etc., from the helicoid 
whose directrices are the axis O Q and the 
helix OPE. The curve QP'c has a maxi- 
mum point at P P' where it pierces the 
soffit ; all those above it have a maxi- 
mum point outside the soffit, and those 
below it have one inside the same. 

The curves P t r, P, q, etc., are cut 
by horizontal planes through the points 
P 4 P' 4 P,', etc. The curve through P is 
not drawn, but if it were it would be tan- 
gent at P to the line P A. 

It is plain from inspection of these curves 
that the courses below P P' have a tenden- 
cy to slide upon each other in a direction 
from A, towards A, which increases as the 
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abutment is approached. In Fig. 1 this 
point P P' ia on the tenth course from the 
abutment, and there are three coursing 
joints ■which would have a tendency to 
slide throughout their whole length with 
nothing to resist it except friction be- 
tween the surfaces. The partial courses 
would be prevented from sliding by the 
steps cut in the impost. Above P P' the 
tendency to slide would be in the oppo- 
site direction, but would be so small as 
not to affect seriously the stability of the 
arch. This will be evident from inspec- 
tion of the curves O P, p and O P, o. 

We will now investigate these curves 
analytically and determine the position 
of the point P P'. 

The distance T S, Pig. 1, is ± the 
height of one spire of the helix O P R, and 

from eq. (3) rS=^J-= i tz' r tan a. 

Call the height of one spire of the helix 
ft,, then 
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Let O be the origin of coords, the axis of 
flie cylinder, O Q, the axis of z, T the 
axis of x, and the axis of 1/ a vertical line 
through O. Then we shall have for the 
helix OPH, 



2?r 



whence = £JLL+ * 
x=r cos 0=r co 



or substituting for ft, its value ■ 



, {4) x = — r sin _ 

which is the equation of P R, the pro- 
jection on X Z of one of the C j c's. 
The vertical projection, or the projection 
on X Y of this helix is 

To obtain the equation of the C j s, we 
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must find the equations of an element, 
and then eliminate the constant which 
fixes its position. Let one equation of 
the element be 
(6) » = »,. 

To find the equation in terms of x and 
y, substitute in the equation 



of a line through two points the proper 
values of xi, x„ i/\ and y v We have since 
all the elements cut the axis of e, 

x\ = o and ^i = o. 

Substituting from (6) in (4) 

and substituting this value of x t in (5), 
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ro 



f "xrr* 

or making «! general by dropping the 
subscript, 

Ttr s 
which is the equation of a C j s. 

Now, intersect this surface by a vertical 
plane perpendicular to the P F, whose 
equation is 

(8) , = ?T( M -«), 

in which fli is the intercept on X. 

(„) ..., = _„rf(*i!L=«>) 

which is the equation of the curves 
Q F e, etc. 

In equation (9) if 
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n being an integer; 

a— —si; 

y = — x cot n 7C — ^^— j, 

n as before being an integer. Hence the 
curve has an infinite number of branches. 
It ia to be noticed that equation (9) does not 
contain A, the only constants being n, a 
and r, hence the form of the curves Q J" c, 
Q iy d, etc., is entirely independent of 
the obliquity of the arch. We will next 
differentiate equation (9) for a maximum. 

* / ?("i-* h_ 2a 



nrrsi»' J /2_('Ji— x)\ 



(10) 
For: 



2x 
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1*1) ■ ■ *imHw g 

By solving equation (11) the values of 
X for which y is a maximum or minimum 
can he obtained. It is only capable, how- 
ever, of an approximate solution, hut if 
we obtain the x co-ordinate of the inter- 
section of the locus of equation (9) with 
the circle 

(12) «■+»■= r,-, 

in which r a may have any value, and place 
this value of x equal to that in equation 
(11), we shall obtain the value of z rm ** 
when the maximum point is at the inter- 
section of the two curves. 

.'. substituting from (9) in (12) 
, «£ + V «"*«*=■ r* 

%£ (1 -f- coP «i) - a^ cos&? «j = r ,•, 

(13 .'. x ( =r t sinu f . 

/. by (11) and (13), 

r t sinu ( = - "rsinutcosm 



o,Googlc 



2fo, — »,) . 



\ n r! 



Denoting by x^ the value of x for 
which y is a maximum when the locus 
of (9} is subject to the condition of having 
a maximum point at its intersection 
with ar' -}- y' = r,*, and substituting the 
value of x just found in the 2d member 
of (13), we have 



-m 






,(14) .'. x^r,^ 



r Vx-, 
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Let r, s r, this being the condition 
that the maximum point shall be at. the 
point where the locus of (9) pierces the 
soffit, and we have 



(15) x m ,=L W — 4 = r cos t. 

Whence 

(16) ^,=0.7711^ = r cos 39° 32' 23". 
This value of r may also be found by 

means of the curves OPj>, OP,o, etc. In- 
tersect the surface of equation (7) by the 
horizontal plane 

(17) y = b. 

■ j. — f * * 



(18) or x = — b tan 5-, 

the equation of the curves OP,p, etc 
Differentiating 

(19) *=_"!„.- J* 

dx bh nr* 

J£*=±~j-m (18) and (19) we have 
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asymptotes of the carves. 
Intersect the circle ic 2 + y 3 = r t 2 by y = b 



Substitute this 


± y/rf— V. 

value of as in ■ 

,„„ -(±vV 


(18) and 


±, 


Z l : 




whence 


(20) 


f=2) 



g t is the « co-ordinate of the point in whioh 
•the locus of (18) pierces the cylinder, con- 
centric with the soffit, whose radius is r,. 
Substitute from (20) in (19), thus 

is = _ **** 5 toT' fo^v-^ \ 

dx f bh j > b / C 

_ jrr 2 ( t 1 ■. ] 

Thi cos coa i r *_ pt 
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m =--(£)' 



If r t = r, when the cylinder mentioned 
above becomes the soffit, 

(22) ** = — £-?, 
K ' dx t h' 

which is the tangent of the angle between 
the tangent to the locus of (18) and the 
axis of x at the point where the locus 
pierces the soffit. If we make the con- 
dition that 

(23) ^ = -V' 
tb\ h 

that is, that thu tiingent at this point shall 
be perpendicular to the P P, we have 
from (22) and (2:1) 

« \ _ 2 r 



(24) .-. 6, =— =0.63662r=rsw»39°32'23" 

which agrees with equation (16). 

It is thus apparent that in an arch con- 
structed by this method the portions be- 
low PP' or beyond the lino rjy on the 
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development, should be omitted; i. e., the 
arch should be always segmental -with a 
spaa not exceeding 

2 r cos t = 2 r cos 39° 32' 23" = 1.5423&, 
provided that there is to be no tendency 
in the successive courses to slide on one 
another. The amount of this tendency 
to slide and its relation to the obliquity 
of the arch will next he investigated. 

Let us obtain an expression for the 
angle 3 P 4 /i between the tangent line to 
OP ( r at P, and the line P, 3 perpen- 
dicular to the P F. Let 3 P 4 fi=6' then, 
equation (22), 

a, - *™-l 2 r . — 1 n b 



(25) ,.— 1 2r 

.■.tand-^n - 



1 , Znbr h* H 

If h =- o, tan 6' = o, 
If h = c» fan 6' = o, 



,-^jj. 



& must be equal to when, fan B' = o' 
because it cau never equal, much less ex- 
ceed 90° ; for if it can equal 90°, then we : 

must have from (25) 

h 2 + 2 it b r - , 
■'■ * = V— 2 >r 6 r ' 
t. e., A must be imaginary. It follows 
that there must be some value of ft for 
which tan 6' and therefore (P, is a maxi- 
mum. By placing the first differential 
co-officient of the function with reference 
to Jt=o, we find this value to be 

' (26) A = V21F&7. 

By this equation h = 2 r cot a = 1.0445 r, 

6' ■** 6' *" 

when b = r sin 1C° .-. a = 62° 25' for 

this value of b. 

Now the tendency to slide at any point, 
as P 4 Pj', depends upon the angle be- 
tween the normal to the C j s at that 
point and the direction of the pressure. 
This last we have assumed to be in a 
plane parallel to the P F. We will now 
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e for the purposes of the investiga- 
tion that it coincides at the point P 4 P 4 ' 
with the direction of the tangent at that 
point to the ellipse cut from the soffit by 
a plane through the point parallel to the 
P F. Let p t = tangent of angle between 
ground line and tangent line to curve 
Q P,' a at the point P 4 ' ; then the tangent 
of the angle between the tan line to this 
curve in space at the point P,P/ and 
the H P will he = p, cos a. 

Let p, = tangent of angle between a 
vertical line and the tangent line to the 
circle D' V C, at the point P 4 ' = angle 
P,' Q C„ then the tangent of the angle 
between a vertical and the tangent 
line at P, P,' to the section of the soffit 
parallel to the P F will be = p, 
eosec a. 

Now to find the angle between the 
normal at P 4 P,' to the C j s, and the tan- 
gent to the section parallel to the P F, 
we have given two sides and the includ- 
ed angle of a sperical triangle, the in- 
cluded angle being 6'. 

Let N = angle between normal to 



0-j s, at P 4 P/ and vertical = angle b^ 




tween tangent plane to C j s at P 4 P/ an 
H P, then we find the value of tan N to 
be tan N" = p l cos a cosee (P. 

(27) .- sin N = . ffi cas a eosc c &' 

(28) cosH = - 



Vl +P,* cos* a 
1 



,6' 



Vl -\-pi 2 cos 2 a cosed* 6 1 
and if t, = tan _1 (p, cosec «), we have 
(29) tin / — P* cosee a 



(30) cos U = 



Vl + pf cosec' a 



Vl -\-PiC0SCC 3 a 
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By spherical trigonometry % 

■' (31) cos & = cos N cm t, + ' sm N 
mm t K cos &' ; whence, by substitution 

(32) «w * = 

1 + j>, p* cot a cot & 

V(l + p, 2 cos 2 a cosec 2 B' ) (1 + i) t a oosoe 2 «) 

Multiplying numerator and denominator 
by sin a sin 0', this becomes 

(33) 
cos $ — s * n a a * w — ~^' Pi cos a cosQ 1 



If in this equation a =o, then by equa- 
tion (25), sinoe ft = 2 r co( «, 6' = o, and 

hence cos # = ^H? = 1 .■. tf> = o. 
PiPt 

If a = 90* — ». c, the obliquity = — by 
(25) 6 = 0, and hence cos # = $ inde- 
terminate. The reason for this is, that 
the tangent lines to the curves 5 P,,, 
' QP,'a, and OP 4 r„P' 4 jr by which we have 
fixed the position of the tangent plane 



coincide when a = 90*. The value to- 
wards which cos # approaches, however, 
is unity, as a approaches 90°, for from 
the relations between the quantities it is 
evident that when 9' = 0, N must equal 
t e , and hence by equation (31), 
cos <P = cos 2 t e +sin 2 t t = 1 ; .-. <P = o. 

It follows, therefore, that there must 
be some value of a for which cos # is a 
minimum, and therefore $ a maximum, 
for any given values of p, z,ndp r Ow- 
ing to the complexity of the expression 
for cos 3>, this value would be very diffi- 
cult to obtain by differentiation ; but it 
can be determined approximately by 
calculating a series of values of cos # for 
different values of a. This has been 
done, with the following results : 

The point for which the calculations 
are made is P, P t ', for which 
x := — r cos 10°, y = 6 = r sin 10°, a = 
4 ^ 2<J p t = tan 10°, audi), = 0.47011 = 

tan 25° 10' 43", tlio value . of p\ being 
found by equation (10). 
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From this table it appears that 4> is a 
maximum when a has some value not Ear 
from 20°. 

If the point considered be P P' for 

which x = r cos t - r cos 39° 32' 23", and 

y =b = rsin 39° 32' 23", 



-we have 6' — o and p, = o, .'. in equa- 
tion (33) cos $ = -a, and from the same 
considerations as when a = 90°, we find 

Cos <P = 1, whence S> = o, 

•without reference to what the value of 
a may be. 

If, as is very probably the case, the 
direction of pressure is not exactly par- 
allel to the P F, but inclines somewhat 
towards the plane of the right section of 
tho soffit, the effect will be to increase 
the tendency to slide on the C j s's. 
Near the springing plane, however, the 
direction of pressure in a vertical plane 
■will not be exactly parallel to the tan- 
gent to the oblique section, but will 
make a less angle with the H P, which 
will tend, especially when the obliquity 
is considerable, to counteract the previ- 
ously mentioned effect. This refers to 
portions of the arch beloui P P' for which 
y = r sin 39° 32' .23"; above this, the 
tendency to sliding being in the opposite 
■direction; if the line of pressure incline 
■toward the plane of right section, it will 
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- decrease this tendency, and then add to 
the stability of the arch. It is evident 
from inspection of the table of values 
of S" that a fiM centred arch should not 
be built by this method unless with a 
small obliquity, and then it would need 
to be thoroughly supported by the 



These results differ entirely from those 
obtained in Chap. TH of Buck's treatise 
on oblique arches already referred to ; in 
fact, are in direct opposition to them. He 
derives a formula for the value r de- 
pendent upon the (Miquity of the arch, so 
that r decreases with cr, or as the obli- 
quity increases, and infers therefrom that 
the safety of the arch increases as it be- 
comes more obligue up to about 25°. I 
should state that his r has a slightly dif- 
ferent signification from mine. He under- 
takes to find the point at which the curves 
Q P'c, Q P'd, etc, cut the intrados and 
extrados at the same height above the H 
P, and calls the angle included between 
a radius drawn to this point of the intra- 
dos and the H P the angle r. It will be 
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evident from inspection of the drawing 
that this would give to r a somewhat 
greater value than I have obtained, but 
still independent of a, since the only con- 
stants in equation {9} are a\ n, and r. 

The following table taken from his 
book gives the values of r obtained by 
Buck from his formula for certain values 
of a, from which he derives his inferences 
with reference to the security of oblique 
arches. 

TABLE FROM BUCK'S ESSAY ON OBLIQUE BBIDOIS. 

When a = G5°, then r = 27° 17' 
" a = 55°, " t= 25° 13' 
" a = 45°, " T = 21° 47' 
" a = 35°, " r = 10° 38' 
" « = 25° 40'" r = 0° 0' 

Immediately under this table he re- 
marks, " It will be observed that the last 
angle is given 25° 40', at which the point 
r descends to the level of the axis of the 
cylinder, and the whole semicircle is safe." * 
By looking at the table of values of # it 

* The ihtlia are mine. 
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will be seen that, for this value of a, <P 
will be about 32° or 33° at 10° above the 
springing plane, t of course being 39° 32' 
23" instead of o, and hence the arch will 
be anything but safe if a complete semi- 
cylinder. 

One incorrect assumption made by Buck 
in his derivation of the formula Cor the 
value of r is as follows. He says : " It 
may be shown that the tangent of the 
angle which the tangent to the intradosaJ 
spiral makes with the horizon diminishes 
as cos t." He does not show it, how- 
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Call the above mentioned angle i/-; and 
the angle between the tangent to the 
helix at any point and axis of the cylinder 
0, then the true relation is 

sin tj; = sin fl cos r 

sin fi cos r 



tanjf}- 



Vl- 



In the figure suppose A P to be the 
horizontal projection of an element d s of 
the helix coinciding with the tangent line 
D E. A' P' is its vertical projection; and 
Ai Pi its revolved position about a hori- 
zontal linn in a vertical plane through P. 
The angle A, P! C t = if.\ and the angle 
C A' F = r. 
.-. ds sin <p = A, Ci = A' = A' P' cos r • 

but A' P' = ds sin 8 ; 



At the springing plane the tangent to 
the elliptical section parallel to the P-F 
becomes vertical, and, the value of £> is 

(34) tan * = — = ? cot a. 
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At the crown it is 

(35) tan $ = tan 0' = ( 2 — *) cot «i 
y ' 2 cot* a + n 

The following is a table similar to table 
I, giving the values of <? at the crown . 
and springing plane, derived from equa- 
tions (34) and (35). 





TABLE II. 




A. U» Crown. "^"lESV 


= 60" 


— #„,= 9°50' *„= 18°20' 


= 50° 


— * c , = ll°53'« , w =28 7' 


= 40° 


— *„ = 12°49'4>„=37°11' 


= 30° 


— #„ = 9°16'4v,= «°4S" 



# = 6 e ' is a maximum by equation (26)- 
when a = 38° 35', for which value of a we 
find 0, = 12° 50'. 

At the angle en — 25° 40' — the last one. 
given in the table extracted from Buck's 
work — the line which he finds to be hori- 
zontal makes an angle with the H P of a 
little more than 29° 51', that being the 
angle between the tangent to the loeus of 
equation (9) at the point R)) C„ and the 
HP. 
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It will be noticed that the negative sign 
of $ in Table II. comes from the fact that 
in equation (35) iris greater than 2. It in- 
dicates that the tendency to sliding is 
in the opposite direction from what it 
is below r. 



In this method the somt is cylindrical, 
as in the last, and the case considered 
will be that in which the right section is 
circular. 

The heading joints are planes parallel 
to the P F, which, therefore, cut the soffit 
in ellipses, which are the h j c's. The 
c j c's are drawn on the soffit in such a 
manner as to cut each h j c at right 
angles. 

Now the angle between any two lines 
of the soffit remains unchanged after the 
development; hence, the developed c j c's 
must cut the developed hjc's at right 
angles. Also, if two lines he perpendicu- 
lar to each other, their projections on a 
plane parallel to one of them will be per- 
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pendicular j hence, if the arch be projected 
upon a plane parallel to the P F, the 
vertical projections of the c j c's will cut 
the ellipses which are the vertical projec- 
tions of the h j c's at right angles. These 
principles will be used in obtaining the 
equations of the curves- 
Let A B B, A, „ B' V A, be the pro- 
jections of the Ex. H., and CDD.C, „ 
D' V C, those of the soffit. O Q is the 
axis of the cylinder, D C, C, D, is the 
development of the soffit to be con- 
structed from the projections, or by 
means of ordinates found from .equations 
(1) or (2). 

The developed h j c's are all parallel to 
DEO,P C„ and hence may be drawn 
'from a pattern constructsd by means of 
this curve. Divide D D, into such a 
number of equal parts as will make the 
voussoirs of convenient size, and draw 
the h j c's through the points of division 
by the pattern. The length of one of 
these curves is equal to that of a semi, 
ellipse cut from the soffit by a P P, and 
is calculated by the aid of the following 
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formula, obtained by integrating tike 
differential of the elliptical arc. 

If S = length of semi ellipse, a = semi- 
major axis and e = eccentricity, then 

<"> 8 — ("-r-Tf-Tfi-- ) 

The middle h j v., n o, must be next 
divided up into a convenient odd num- 
ber of equal parts. The division is done 
on the middle hue, in order that the two 
faces of the arch may be alike. We will 
next find the equation of the curve 
k 0,»» of which the c j c's on the develop- 
ment of the soffit are portions. 

We have already found the equatiou 
of DEF C,, equation (1), in considering 
the helieoidal method. With the origin 
at 0„ it is 



Differentiating 

(37) fc " 27 "" T 

I k 0, m cut D E 0, F C, at right angles, 
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we must have, at the point of intersection, 

1 + ^H # = . OT & _, _ <&_ 

tic dx' dx' dy 

in which -2L- is the differential co-effi- 
dx 

cient of the curve to be found. Substitute 

the value of - — . from equation (37). 
dy 

•'• dx' , . je or dropping thft 

primes, since the x and y in both mem- 
bers of the equation refer to the same, 
point, 

du- —— dx - 

r ' 
.% Integrating 

(38). » = _J£l.to» g 2-+e, 

in which l a signifies Naperian logarithm. 
If we let y = o, when x = —^- ' this being 

o,Googk 



the condition that the curvo shall pass 
through 0„ we have 





e = 


o, and 






(39) y = 


— 


?li l„ tan 


ZF 




I£ we move 


the 


origin to 


0, 


by placing 


x = x' -f 


it r 

9~ 


, equation 


(39. 


) becomes 



y" = - ^- I. tan 

or dropping primes and reducing 

„ , / 1 + tan £ 

(40) y 2p e 2: 

\ 1 — fan -? 
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Ill (40) if 



-■°,v=-^i. <l) = °i 



.'. the curve is asymptotic to the right 

lines 



If the obliquity of the arch in fig. (2) 
were in the opposite direction, the right 
hand members of equations (1), (38), 
{39}, and (40) would all be positive. 

To adapt equation (39) to convenient 
computation, let x = n n r, which is 
equivalent to dividing the distance n r = 
O, X into n equal parts, for which ordi- 
nates are to be calculated. 

.'. Substituting common logarithms for 
Naperian, 

(41) , = -<£. fc-'-f 
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in which l K signifies common logarithm 
and M is the modulus of the common 
system. From this equation any number 
of ordinates may he easily calculated for 
the construction of the curve k O, m. 

The equation of the curve K O P Pi 
will next be found. This is the horizon- 
tal projection of the curve on the soffit of 
which k O, m is the development. Its 
vertical projection is of course the semi- 
circle D' V C,. It is plain that for any 
value of y the x for the new equation 
will bear a certain relation to the x of 
equation (39), and hence may be derived 
from it. Call the co-ordinates of KOP 
x' and y', x and y being those of equa- 
tion (39), 

.-. x 1 = — r I 1 — cos — j ; whence a*— 
rcos -1 l — — — I, and y' = y, the origin 

being at 0,. 

Substituting in equation (39) and omit- 
ting primes, 



..Google 



Id (42) change the origin to 0, and 
we have 

(43) , = -^;,to«i (cos-' *). 

Now we have by trigonometry 






■sR 



- tori— 



to.*((i»-'^E*)) 






Substituting in (43) we have 

which is the equation of K OP with the 
origin at 0, Q being the axis of y. 



Equation (39) solved for x is : 

(45) x = 2rtan-^e-\^ 

in which e is the base of the Naperian 
system of logarithms. It is sometimes 
desirable to consider y as the indepen- 
dent variable, in which case the equation 
takes this form. 

We will now give a table of values of 

=— I, tan -=- corresponding to a series 

of values of «, also the values of x in 
equation (44) for which the ordinates are 
equal to the corresponding ordinates of 
the curve h O, m. 
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Values of x in 




Values of 


Equation (44) 




h.i 


Ll^tan^L 


for which j- is 


Remarks. 


** 


M 2 


y of Equation 








(41). 




0.01 


— 4.2331 


0.99951r 


N.B.— Theval- 


0.02 


— 3.4601 


0.99803»- 


laid off from 


0.03 


— 3.0541 


0.99566> 


0.04 


— 2.7659 


0.99211r 


the axil of the 


0.05 


- 2.5421 


0.9876tfr 


cylinder as the 


0.10 


— 1.8427 


0.96106> 


In equation 


0.15 


— 1.4266 


O.SblOlr 


(41) the axi$ 


0.20 


— 1.1240 


0.801>02r 


ofyis 0,1),. 


0.25 


— 0.8B10 


0.70711r 


To obtain the 
corresponding 
valuta* of a for 


0.30 


— 0.G742 


0.58779r 


0.35 


— 0.4897 


0.45399r 


the curve I O 


0.40 


— 0.3195 


O.309O2r 


L M, #ubttitut0 
r,jWj-in the 
3d column, the 


0.45 


— 0.1577 


0.15643*- 


0.50 


— 0.0000 


O.OOOOOr 


axis of y being 
the same. 



By means of this table the curves 
kO t m and KOP may be easily and 
accurately constructed, as well as the 
curves I O L M and N R 4 for the 
Ex s. 

For the curve I O L M, which is the 
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intersection of a c j a, with a cylinder 
concentric with the soffit, we have if at be 
the abscissa of K O P. x' the abscissa of 
I L M and r, the radius of the concen- 
tric cylinder, 

x _ X_ OTX _ rx' 

x' r, r, ' 

This value in equation (44) gives 

(46) y = tj- 1, ip^A (primes omitted). 

For the curve N R O t which is the 
development of I L M, calling the 
abscissa of ft O, w x, and that of N R 0. 
as', we have 



which, in equation (40), gives, omitting 
primes, 

Jl + hm — 
(47)y = -±p. 

which is the equation of N It O t with the 
origin at O t . The ordinates for thia 
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curve are the same as those for the curve 
Je O t m when we give the proper values 
to x, that is, make x = n n n, and meas- 
ure it from the line B, B t as the axis of 
ordinates. 

The curve S V T is a projection of the 
curve K P Pi on a plane parallel to the, 
P F, of which j) q is the horizontal trace. 
In constructing an arch by this method 
it would be desirable to project it on 
such a plane, and hence this curve would 
be needed. It cuts at right angles the 
projection on its plane of any ellipse cut 
from the soffit by a plane parallel to the 
P F, and its equation is found by a pro- 
cess similar to that by which equation 
(39) was obtained. Let g p be the axis 
of x and 0' V' the axis of y. The equa- 
tion of the ellipses to which the curve is 
to be normal at point of cutting is 

(48) o 2 (x — a,) 2 + «V = a 2 ft 2 
in which a, is the variable abscissa of the 
centre. Differentiating 

fy _ J i(£_-^£il or substituting value . 
dx a'y 

of at from (48). 
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This in the formula 1 + J. M - 






, dropping 



primes, since x and y in the two members 
refer to the same point, 



Whence, by integration 






VV—y* 



vv=?j 



If we let a; = o where ^ = Ji — i. e., place 
the centre of the curve at O' — then c = o, 
and 

(49) 
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This curve is symmetrical about both 
axes of reference, and is asymptotic to 
the axis of x. 

To obtain (49) in a convenient form 
for computation, place y = « b, then 



(50)* = 



. & ' 



&= 



vr^«>- 



vr- 



VTZ 



From this equation have been calculated 
the values of the parenthesis for a series 
of values of n, as given in the following 
table. 

TABLE IV. 



Values of a 


Values of SJL- 


0.1 


± 


2.000 


0.2 


± 


1.313 


0.3 


± 


0.921 


0.4 


± 


0.660 


0.6 


± 


0.450 


0.6 


± 


0.290 


0.7 


± 


0.184 


0.8 


± 


0.093 


0.9 


+ 


0.032 


1.0 




0.000 
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The c j c's on the development of the 
soffit may be constructed by means of a 
pattern, one side of which is cut by the 
curve k 0, m, and the other side is 
straight and parallel to I X. By placing 
this pattern upon the curve h O, m, lay- 
ing a straight-edge along the back, and 
then sliding the pattern till it passes 
through the different points of division 
on the line n o, the proper portion of the 
■pattern for each curve will be found. 
For construction upon a very large scale 
~-as, for instance, upon a platform the 
true size of the arch — this method would 
be impracticable. The point of the curve 
Jc 0, m which passes through any point 
of division on the curve M o may then be 
found by calculation. Find by measure- 
ment or computation the value of a; for the. 
point of division — i. e., its distance from 
the line D I), ; *ake this distance as a 
fractional part of tt r — L e., as a value of 
n — and, substituting in equation (41), 
find the corresponding rvalue of y; this 
will be the constant c bf equation (38). 
Subtracting this from the ordinates 
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found from Table III. will give the ordi- 
nates of the curve measured from a line 
parallel to Oi X through the point of 
division. It would also be desirable to 
determine the exact point in which any 
c j e cut the curve D a 0,. Wo can ap- 
proximate very closely to this as follows : 
Find the point as nearly as possible by 
sketching in the curve from Table III. ; 
through the point thus found draw a 
parallel to Oi X ; find the distance from 
this parallel to the one drawn through 
the point of division on n o correspond- 
ing to the same cjc; add this distance 
to the value of c found as above ; take 
this as the value of y in equation (45), 
and compute from it the corresponding 
value of x; this will be the true abscissa 
of the curve on the line parallel to Oi X 
through the point as first found, and of 
course will give the intersection of the cjc 
with the curve D, C, with great accuracy. 
The h j s's are, of course, planes par- 
allel to the P F. The c j s's are 
a species of conoid generated by a 
right line moving on the axis of the 
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cylinder as one directrix, a c j o as 
another, and remaining always perpen- 
dicular to the former. Any plane per- 
pendicular to the axis is therefore a plane 
director. The intersection of any c j s 
with the P F will be a curve, several 
points of which will be needed in a con- 
struction upon a large scale. These may 
easily be found by drawing one or more 
semicircles between D'V'C, and B'V'A,, 
finding, by Table III., the curves corre- 
sponding to I L M, for the cylinders 
of which these semicircles are the vertical 
projections, and then erecting perpen- 
diculars to the ground line from the 
points of intersection of these curves 
with the P F (or planes parallel to it) to 
meet the semicircles. Projected on a 
plane parallel to the P F, these curves 
of intersection of the c j s's with the 'P 
F will be normal to the elliptical section 
cut from the soffit by the P V at the 
points in which they cut it, and hence 
will be tangent to the projections on the 
same plane of the c j c's. All the above 
remarks .".pply also to the intersection of 
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a c j s with any h j s — i. e., any plane 
parallel to the P P. 

In order to cut the voussoirs patterns 
must be made o£ the cylindrical and 
plane faces of each. It will also facili- 
tate the operation to construct each in 
isometric projection, drawing on the 
cylindrical face one or more elements 
of the cylinder as guides in the cutting. 
Cut first the two plane faces of the vous- 
soir precisely parallel to each other ; cut 
roughly another plane face, making an 
'angle with these two approximately equal 
to that between the P P and a tangent 
plane to th* 1 soffit at some point of the 
cylindrical face of the voussoir (*. e., to 
th© angle /S of equation (51), from which 
equation its value may be found) ;' lay 
the stone in such a position that the first 
two faces shall be vertical, and: the third 
uppermost ; apply to the vertical faces 
the patterns for the ends of the voussoir, 
with the edges next the soffit uppermost, 
their relative position being fixed by 
measurement from the drawings ; mark 
out the ends by the patterns, and also 
the points where one or more, elements of 
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the cylinder pierces the h j s; sink 
drafts in the upper face connecting these 
points, and then cut the cylindrical face 
by a templet cut to the radius of the 
soffit, and applied at right angles to the 
pply the pattern of the 
soffit, and draw by it 
the lines ah, cd, for 
the edges of the 
stone. In the figure 
« li is im elenent of 
the cylinder, the stone being seen from 
above, and being taken from, a course 
near the crown of the arch. 

The warped faces can be cut by means 
of a templet of the form shown in the 
accompanying figure. The arc a b c » 
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a )) a'. The cross-bar s/is perpendicular 
to a c, and its upper edge also perpendicu- 
lar to the plane 
of a b c )) a' b' c' 
and aiii) a! <£ . 
g))g' andyi j) g' 
c are braces. 
Suppose the 
stone were cut, 
then, if the cur- 
ved edge of 
the templet 
were applied to the cylindrical face with 
the edge of cross-bar e / coinciding with 
an element of the cylinder, and the point 
a » a' at the edge of the voussoir, the 
edge a d )} a' d' of the normal arm 
would lie upon the warped face, and 
coincide with an element of it. If a 
number of drafts be sunk in the stone, 
then, by means of this templet, the 
warped faces can be easily cut. It only 
remains to cut the Ex s of the voussoir. 
If this surface is to be a cylinder concen- 
tric with the soffit, the intersections of 
this cylinder with the c j s's can be at 
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onco laid off on the stone by the aid, 

of the templet. Measure on ad)} a' £ 
from a' » a' the distance r, — r, between 
soffit and Ex s; mark the point, and, 
applying the templet as described 
above, mark on the stone any number of 
points in the required curve. If the 
arch is to be built upon with stone, it 
would be better to cut the Ex s iu steps, 
each stone having one or more horizontal 
and vertical plane faces when in position 
in the arch. This would not add' to the 
difficulty of cutting the stones, though it 
would somewhat to that of making the 
drawings. This way of cutting the 
stones is shown in the drawing of the 
arch according to the " cow's horn * 
method. 

The diedral angle at the edge of a 
vonssoir must not be less than a certain 
limit, otherwise the stone will be de- 
ficient in strength at this edge. The 
limit is usually taken at 60° ; hence it ' 
follows that a full centred arch should 
not be constructed by this method with 
a greater obliquity than 60° ; but, as the 



angle 'between a tangent plane to the 
soffit and the P P increases as the ele- 
ment of contact is taken higher above 
the springing plane, np to 90° at the 
crown, it is evident that a segmental 
arch may he built with a greater ob- 
hliqoity than 60°, whose diedral angles 
.will be within the limits. To find the 
chord of the segment (i. e., the 
span), 

Let a = C, D, D' = obliquity of 
arch. 

Let /J = angle between P P and tan- 
gent plane to soffit ; i. e., its limiting 

Let y — an gl 6 between the tangent 
plane to soffit and the H P. 

Then we have a right-angled spheri- 
cal triangle, and by spherical trigo- 
nometry, 

cos f3 = cos a sin y 
cos fi 

0T8m r = c^' 



«S1) 



„ , 2 r cos 6 



If we let p = 60°, then cos /? = i; 

.'. Span = — - — = r secant a, 
cos a 

Also cos a — — — from which we cam 
span 

determine the limit of obliquity for a 

given segment. 

If the span = r, then cos a = 1, and 
a = o. Therefore we may give any 
obliquity to the arch that we please with- 
out passing the limit. If a = 30°, the 
limiting span is 

Span = ~ = 1.1546 r. 

The security of the arch constructed 
after this method will next be considered. 
In Fig. 2 the curves Q I' a and Q Pi' b 
are the vertical projections of the curves 
cut from the c j s, ivhose directrices are 
the axis of the arch, Q, and the curve 
K O P, by the planes P c and P, 0,. 
These curves will be shown to have maxi- 
mum points at P P' and P, P,' where they 
pierce the soffit. A K O L g is the hori- ' 
aontal projection of the curve cut from 
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the same e j S by the horizontal plane «/, 
and it will be shown that its tangent at 
the point of piercing the soffit is perpen- 
dicular to the P F. It will likewise be 
shown that the tangent plane to the c j s 
at any point of the e j c is perpendicular 
to the tangent to the elliptical section 
parallel to the P F at that point. Hence, 
where it intersects the soffit every c j s is 
exactly normal to that direction which 
we have assumed to be the direction of 
the pressure. 

First to obtain the equation of a c j s. 
Let the line X be the axis of x, the line 
Z Q the axis of z ; then let the axis of 
y be a vertical line through 0. Then the 
equations of the curve KOPP, will 'be 

(a) x'+tf = r' 

Equation (6) is derived from equation 
(44) by substituting z for y and changing' 
the sign of the right hand member, be- 
cause the axis O Q in equation (44) was 
considered is positive from O toward Q, 



.while now it is taken ns positive from O 
toward Z. 

Let -j- = e, and solve equation (ft) 

far a, 

.•, e" = r x -; whence 

r + x 

.m -*-\& 

For the point x i we have 
(S3, *".^£ 

Substitute value of x t from (53) in (a). 

'1 + 2e",+e"», 
_ . / l+2e"i+e^i — l +2e",— g-^ 
\ (l + e-i) 2 } 

(54) .-. y, = 2r V^l 

1 +e™i 
The equation of a line in X Y through 
the points ( X\ y{) and (x, y,) is 

(55) y ~ y » = y-— y. 

# — a:, a;, — as," 



■'■», 
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Since O Q is a directrix of the surface, w« 

shall have 
(56) ■ as, = y, = o 

;. substituting from (53), (54), and (56) 

in (55) 

V_= 2ry^ l+e»i 
* l+^i" f(l — «*i) 

or reducing and making e, general by 

dropping the subscript, 



(57) 



" 1— e" 

1- 



which is the equation of a c j s. 

Intersect this surface by the vertical 
plane P c d, whose equation is 

(58) * = *± («, - «), 

in which a-Oc- intercept on X, and 



Substituting value of z from (58) ; 
(57), 



(59) 
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if we let u = ai ~ * . 
r 

This is the equation o£ the curves 
Q P* a, Q Pi' 6, etc. In (59) if x = a„ 
y = qd ; .-. the line a; = a, is an asymp- 
tote. Also if x = o, y = o, and if a; = 
± co , y = o, and the axis of a; is an 
asymptote. 

Differentiating (59) 

tie (1 _ V)» 



(60) SL = 2 « 



) r _ a ._ (r+a; ) e - t 



r (1 — O* 

For a maximum -2- = o ; 

dx 

... r _ a! _(r + a; ) e «'=o, . 
,61, ,--i=i ! 
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This equation gives the values o£ as for 
which .v is a maximum. 

Now eliminate y between equations 
(59) and (a), 



:x'+- 



r (i— O" 

3?l—2L—\ = r 3 ; therefore solving 
fort**. 

(61') * = j^. 

This equation, which gives the * co-ordi- 
nate of the point of intersection of the 
curves Q P' a, Q P' 6, etc., with the 
circle D' V C„ is identical with (61), 
which gives x where y is a maximum ; 
therefore the curve whose equations are 

_ 2^^ 
1— <?• 



has its tangent line horizontal at the 
point of piercing the soffit. 
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To find the inclination of the tangent 
at the point where the curve pierces a 
cylinder concentric with the soffit whose 
radios is *-,. If the co-ordinates of this 
point be as, y, we have by substituting in 
(61'), t*i for u, r, for r, and asj for x, 

<?■ =Dd3; .-. e \ = J n-«k 
r, + x, \ r , + as, 

Substituting these values in (60), 






whence by reduction, 



. (r — r,)-vV- 



If we multiply ~i by cos «, we obtain. 

the tangent of the angle between the tan- 
gent line to the curves c P „ Q P' 0, 
O, Pi ,j Q P t ' l> t etc., at the point of piero- 
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ing the Ex s and the H P. Call this, 
angle t, then 



(63) 


tmt oleosa 


r x t 


Suppose 


a = 60°, * = 1. then 
r 15 


!£», = »•, 


gm 10°, ji,= r t sin 10°, and ( = 0° 40' 2D 1 
<y»20°, y, = r, sin 20°, and ( = 1° 23' 20' 
eos3Q°, p l = t-l «»30°, and ( = 2° 12' 15' 



Intersect the locus of equation {57) by 
the plane 



" x-\ — e"' 
.-. be" + 2xeT—b = o; 
solving this for e ~ as a quadratic, 
£1 _ — z + vV-t- b 2 



(64) .-.*=_ I. 



V^ 
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Differentiating and reducing, 

rf£_ _ 2 _ 2^ 

C 65 ) dx + « Vs^ -f 6* + A vV + &' 

When m = o, *i = + |l* = T L fern «. 

d«, hA 6 

b — r\ anda; = o,- — !■:= _._-=— tana 
dx 0fi h ft n 

To find the angle at which the locus of 
(64) pierces a cy Under concentric with 
the soffit, eliminate y between y = b and 



x> + y = n 9 . 










x? ■= r, 


— b*. 




Substitute this 


value of 


x in (65), 




(66) 
.rfei 2 

" dx ~~ +h fa* 


— V+b' 




tart «. 


Uft = r,pi 


= tan a 


We see 


there- 



' dx, 

fore that the locus of (64) pierces the sof- 
fit at the angle a, — i. e., its tangent is 
there perpendicular to the P F — and that 
it pierces any cylinder concentric with 
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the soffit at a constant angle for any 
given value of a, no matter what value b 
may have. 

The surface Is thus seen to differ very 
essentially from the helicoid previously 
considered, as regards tendency to slid- 
ing on the coursing joints, as is indeed 
evident from a comparison of the two 
drawings. 

The tangent plane to the c j s at any 
point of the c j e, as P P', must contain 
the element of the surface through the 
point and the tangent line at the point to 
the curve cut out by a horizontal plane 
through the poiut; therefore it must be 
perpendicular to the P F. The tang, of 
the angle between it and the H P will be 
equal to 

(67) tan 'P Q C, cosec « = tan ST 
if N be the angle between the normal at 
P P' and a vertical line ; but this is also 
the expression for the tangent of the angle 
between a vertical line and the tangent 
line at P P' to the elliptical section of the 
soffit parallel to the P F ; therefore the 
assumed direction of pressure is normal 
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to the c j s at any point of the c j c. 

This result might have been predicted 

from the mode of construction of the c j c's. 

The curve cut from a c j s by the plane 

(68) s= A- (*-«,) 

parallel to the P F is always convex to- 
wards the springing plane between the 
soffit and Ex s. Its equation found by 
substitution in (57) is 



x~~ h * ~1~ 


-<?• 




if we place — {x — aj) =v. 






By differentiation and reductio 
in the same way in which we 


n we obtain 
found (62) 


(70) Sb^h. (±!l + * 


H 





which is the tangent of the angle between 
the tangent line to the locus of (69) at 
point of piercing the cylinder whose ra- 



73 

dins is r j and the horizontal plane. To 
obtain the angle between the tangent line 
to the curve in space whose equations are 
{68) and (69) and the H P, multiply (70) 

by sin if = — 

Call this angle h, then 

(71) ta.(,=»( *■* + »'"_) = 



If n = r, which gives the point of pierc- 
ing the soffit, 

(72) to, I, = 1\ . »S5+5 = tLcoscc a, 

which is identical with equation 

(67). 

If !1= A_J. and a = 60°, then 
r 15 

when#l = (an 10°, ( 1 =11°52' 60", (, — 11° 30' 30" 
" ti = tan 20°, (, = 33° 28' 18", (,=S2° 47' 45" 
" * l = (an30°,«i=34°33 30', (,=33° 11' 24" 



o,Googlc 



The points for which t, and t, e are found 
being on the same radius are of course on 
different curves, though these curves are 
so near together that the difference be- 
tween the angles ft and t r is very nearly 
the same as the difference between the 
slope of the tangents to a single curve at 
the points of piercing the soffit and Ex s. 

The function « = ti — t, is found by 
differentiation to be a maximum when 
i 

= = tan 44° 32' 



r 

where a and ^ have the values assigned 

above. The maximum value of the func- 
tion in this case is ti — t„ — 55' 31". 

It appears, therefore, that at no point 
on the c j s, between the soffit and the 
Ex s does the normal to the e j s vary to 
any extent from the assumed direction of 
pressure. 

COW'S HORN METHOD. 

In this method the soffit is a warped 
surface called the Come de Vtwhe, or 
Cow's Horn, generated in the lollowing 
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A right line moves on throe 
directrices, which, are : 1st, two equal 
ellipses in parallel, vertical planes, hav- 
ing their transverse axes in the spring- 
ing plane of the arch ; and 2d, a right 
line drawn in the springing plane per- 
pendicular to the plane of the ellipses, 
through the centre of the parallelogram 
formed by joining the extremities of the 
transverse axes of the ellipses. These 
ellipses may, of course, as a particular 
case, be circles. In Fig. 3, the plane of 
one face of the arch is taken as the V P, 
and the springing plane is the H P. In 
referring to Fig. 3, the following notation 
will be employed. Any letter with h 
written above it as an exponent, means 
the horizontal projection o£ a point, and 
the same letter, with exponent v, is the 
vertical projection of the same point: and 
this point will be referred to as the point 
A, B, etc. . i. e., the point whose projec- 
tions are A" AT, B h PT, etc. A line drawn 
through these two points would be, 
therefore, the line A B. If ore projec- 
tion of a point is in the ground line, h or 
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v, as the case may be, is replaced by o, 
and if the point itself is in the ground 
line, it will he designated by the letter 
alone without exponent. 

In Fig. 3, the parallelogram A b B h C D 
is the horizontal projection of the soffit. 
Its centre is the point through which 
the rectilinear directrix of the soffit is 
drawn perpendicular to the V P, since 
this coincides with a P P. The three 
directrices of the cow's horn surface are 
then the ellipses D S I C, and A K N B, 
and the right line Z lying in the H P. 
The elements of the surface are to be 
drawn so as to cut these three directrices. 
The vertical projection of O Z is a point 
in the ground line at 0°, hence the verti- 
cal projections of the elements will be 
lines radiating from this point. By drop- 
ping perpendiculars from the points 
where the vertical projections of the ele- 
ments meet the vertical projections of the 
■elliptical directrices to the horizontal 
projections of the same, the horizontal 
projections of the elements will be found, 
as will be seen in the case of the elements 
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E S, P Q, etc. The elements qf the sur- 
face are the edges qf tlie voussoirs — that is, 
the c j c's, which, therefore, in this method 
become right lines, while the h j c's, being 
sections of the soffit parallel to the P F, 
are curves of the 4th degree. It is, of 
course, impossible to develop the soffit, 
since the consecutive elements are not in 
the same plane. 

The arch must be divided up into 
courses on the median section in order 
that the two faces may be alike. To find 
this, draw the vertical projections of a 
number of elements, and bisect the por- 
tion of each included between the points 
in which it cuts the vertical projections 
of the elliptical directrices ; through 
these points of bisection the median 
curve may be drawn. In Fig. 3, it is the 
line L T, and is only drawn as far as the 
crown of the arch. The length of this 
median curve would have to be ascer- 
tained by construction upon a large'scale, 
and accurate measurement. It may then 
be divided into a convenient odd num- 
ber of equal parts, and the elements of 



the surface, which are the c j o's drawn 

through the points of division. 

The h j s's in this method, are planes 
parallel to the planes of the faces of the 
arch, while the c j s's are hyperbolic 
paraboloids the method of whose construc- 
tion will next be shown. It will first be 
shown that a hyperbolic paraboloid may 
be drawn having an element in common 
with any warped surface, and normal to 
this surface at every point of the com- 
mon element. It is proved in works on 
descriptive geometry, that, if two warped 
surfaces have a common element, and 
have common tangent planes at three 
different points of this element, they are 
tangent to each other throughout the 
length of this element. Therefore, we 
can always draw a hyperbolic paraboloid 
tangent to a warped surface along an 
element; for draw tangent planes at 
three points of any element, and in these 
planes, through the points of tangency, 
draw right lines parallel to some given 
plane ; if a rectilinear generatrix be 
moved on these lines, a hyperbolic para- 
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boloid will be generated tangent to the 
warped surface along the element. Now, 
revolve this tangent surface about the 
common element as an axis through an 
angle of 90° ; it will then be normal to 
the other surface at every point of the 
element If the lines drawn in the tan- 
gent planes are perpendicular to the com- 
mon element, after revolution through 
90", they will be perpendicular to the 
tangent planes, and hence normals to the 
warped surface. Hence it follows that 
the directrices for a c j s may be three 
normals to the soffit, drawn at any con- 
venient points of the corresponding c j c, 
or element. The points at which normals 
are most easily constructed are those in 
which the element cuts the three direc- 
trices, but as the intersection with the 
rectilinear directrix will generally be be- 
yond the limits of the drawing, some 
other point must be used instead of this 
one. A method will now be given by 
which a tangent line can be easily and 
simply constructed at any point of any 
section of the cow's horn surface, by a 



plane parallel to the elliptical directrices. 

' This tangent line being found, o£ course 
the normal to the surface at the point of 




tangency can be drawn at once. Let 
A V B and CVDbe vertical projections 
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of the elliptical directrices, P, that of the 
rectilinear directrix, P, X that of the 
element through P„ which is a point of 
some section of the soffit by a plane 
parallel to the P F, and O F and E P 
tangents to the curves A V B and C V D, 
at the points where they are cut by P, X. 
E P and F will meet on P„ F because 
this is the axis radical of the two curves. 

Let O E = a, O F = b, P, = «i and 
Pj = 6,. Take as the origin of co- 
ordinates, the line P, X as the axis of 
abscissas, and the line T as the axis of 
or din at es. Then the equation of the 
tangent line E F will be 

(72) i +■ .|_ = 1, 
that of the line P, P 6 , 

(73) -£- + JL = lj 

and that of the tangent line O F, 

(74) x = 0. 

We will now find the equation of the 
line cutting O X and P s P s in such a 

manner that S*J*» = p* - ^ Let ° P »~ 
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* X OE = n a. To find the co-ordinates 
of the point P, eliminate between (72) 
and (73) 

.-. y, = b — A fl;, = 6, -f h X t 



similarly 



a ai (b — b,) 

"* o, 6 + a 6,' 

_ Ui (a + a,) 

* ai & + a &i* 

For the point P 4 the co-ordinates are 

*, = 0, y 4 = bi 

Hence for P, we shall have 

i a, (6 — &,) 



* ai 6 -+- a b, 

' fl! 6 + a &! ; 

and for Pj, x\ = n a, y\ = 0. 

Substituting these values of x\ yi, #,, y, in 
the equation of a line through two points 

(y — S*i) C*i — x, = (z — te,) (yi — y t ) 
we have after reduction, 

(751 „ - (««-*) («i & + g&i-«a(6i-&)) 

1 ;y »o(a + ai ) 

which is the required line. 
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Now in this equation we may give to 
fti any value we please, positive or neg- 
ative ; suppose it to change gradually in 
value from some positive quantity to some 
negative, the line Q Pi will change posi- 
tion accordingly, and at the instant in 
which 61 passes through zero it will be 
tangent to the section through Pi ; for 
the law of this curve of section is, that it 
cuts off an nth part of the portion of 
any radial line included between the two 
curves A V B and C V D ; hence at the 
instant that 61 — the line G Pi coin- 
cide with an element of the curve. In the 
figure G Pi is this limiting case ; i. e., the 
tangent at P l( and the line of equation 
(75) would cut the axis of y very slight- 
ly nearer to F, but the two lines would so 
nearly coincide for this position of P B P (] 
that G Pi is made to answer for both. 
Now in equation (75) make 61 = and we 
have the equation of the tang, to the curve 
of section. 

,70, ,. f = »J«=p^«) 

For the intercept on T let b = 0. 



(77) , y „=M£^ti) 

or putting it into the form of a propor- 

(78) a +■ ai : n a + ai : : b : f/ . 
Hence to draw a tangent at any point of 
a curve of section of a cow's horn surface 
by a plane parallel to the curve direc- 
trices, draw the vertical protection of the 
eleinent through the point (V P sup- 
posed parallel to P F), and tangents to 
the curved directrices at their points of 
intersection, with the element; lay off 
E H and Pi I each equal to P, O = a, ; 
draw H F to the point of intersection of 
the tangents previously drawn, and I G 
parallel to H F; through G draw G P„ 
then will G Pi be the required tangent 
line; for 

OH = OE + EH = a + a„ 
I = O P, + P, I = n a + a„ 
and F = b; .: by (78) OG- »<„. 

We will now construct a hyperbolic 
paraboloid normal to the soffit, and inter- 
secting it in the element It S. Since 
lines perpendicular to each other have 



their projections on a plane parallel to 
one of them perpendicular, the vertical 
projections of the normals can be drawn 
at once perpendicular to the tangents to 
the vertical projections of the curve direc- 
trices and the median section at the 
points R, U, and S. Their horizontal 
projections will be perpendicular to the 
horizontal traces of the tangent planes to 
the soffit at R, U, and S. These tangent 
planes will of course be the planes 
through the tangent lines to tho soffit 
at R, IT, and S, already drawn, and the 
element of the surface R S. Portions 
of their horizontal traces are a/3, yS, and 
t£, to which the horizontal projections of 
the normals S a, XJ h, and R c are per- 
pendicular. These three normals are the 
directrices of our c j s. To find an ele- 
ment of the 1st generation, pass a plane 
through one directrix and find the points 
where the other two pierce it ; join these 
points by a right line ; this line will be 
an element of the surface. Take, for 
convenience, the plane which projects 
a Son the vertical plane of projection, 



then b and c will be the points in which 

the other directrices pierce this plane ; 
therefore a c is an element of the first 
generation. Any number of other ele- 
ments may now be found by merely di- 
viding up a c and S R, or a S and c R 
proportionally, as in Fig. 3. In the fig- 
ure the horizontal projections of several 
elements of each generation are drawn, 
but the vertical projections of those of 
the first generation only. 

Next the intersections of the C j s 
with the P fs and with the Ex s must be 
found. The vertical projection of the 
intersection of the c j s just constructed 
with the V P is the line rj S T , of which 
the portion drawn varies but little from 
a right line. There are a number of 
forms in which the Ex s may be cut. 
It may be a cylinder whose axis passes 
through O and is parallel to E H ; or a 
co-axial cow's horn surface generated on 
the extradosal ellipses H Ii G and E Ki 
P ; or the exterior surface of each course 
may be cut like the course M, Q t by one 
vertical plane through / and k, and one 
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inclined through d, f, g and k ; or each 
course may be cut in a series of steps, 
as in the course P N, by a number of 
horizontal and vertical planes. The last 
method would be preferable for the vous- 
soirs at the ends of each course, how- 
ever the others were cut. 

Except in the case where the Ex s is 
cylindrical, no face of a voussoir can be 
cut by the aid of a templet. Cut first 
two plane faces on the stone precisely 
parallel for the ends of the voussoir. If 
the Ex S is to be cut in the manner of 
P N or P, N„ it would be best to cut 
next the other plane faces of the vous- 
soir of which patterns can be made 
from the drawings. Then apply the 
patterns of the heads and mark the lines 
on the stone, marking also the points 
where one or more elements of the ruled 
surfaces forming the soffit and c j s's 
pierce the plane of the head of the vous- 
soir. The warped faces can then be cut 
by a straight edge. The soffit faco 
shoald be out first, and the elements 
forming the edges of the voussoir mark- 



ed: then all the bounding lines of the 
coursing joint faces will be given on the 
stone, and draughts can be sunk by a 
straight-edge in a direction perpendicu- 
lar to the soffit edges of the stone by 
which the c j s's may be cut. 

The curves V I m and nop are the 
evolutcs of the ellipses A K B and D I 
C, and are convenient in drawing the 
normals to these curves which are re- 
quired. 

The curved directrices of this arch we 
take elliptical so as to correspond with 
the curves cut from the soffit in the 
other methods by planes parallel, to the 
PF. 

In each of the drawings the direct 
span is 30 ft,, the oblique 34.G4 ft. 
a = CC°, and the number of courses is 49, 

It is evident from the drawing that if 
a perpendicular to the H P bo erected 
at the point O, it will pierce the soffit in 
the line K I, which is parallel to the 
rectilinear directrix and lower than the 
highest points of the elliptical directrices, 
so that the crown of the arch curves 



downward toward the middle, from which 
peculiarity the surface derives its name, 
"cow's horn." Plainly, if this curvature 
were so great as to cause the median sec- 
tion of the soffit to be convex toward the 
springing plane at the crown, the arch 
would be unsafe ; indeed, could not stand 
at all. We will investigate the conditions 
under which this will be the case, and to 
this end will obtain the equation of the sur- 
face. Let the line O X be the axis of X, 
O Z the axis of Z, and let the axis of Y 
be a vertical line through the origin O. 
The equations of the three directrices 
will then be 



(79) 

(80) 

(81) fS^i'+l+ll 



Equations 
DIC; 



. Equations of 
f AKB; 

(82) U=d J 

(83) x = 0, y = 0, equation of OZ ; 
in which £ = 0"q = 0°r, and 

<S = OK = 01 = i distance be- 
tween the faces of the arch. 
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The equation of a plane through the 
axis of e is 

(84) j, = m * 

in which m = tangent of angle between 
plane and H P. 

We will now find, by elimination, the 
co-ordinates of the points in which (79) 
and (81) pierce this plane, obtain the 
equations of the element through these 
points, and then eliminate the constant m. 
From (79) and (84) we obtain after re- 
duction, and placing « 2 m 2 + ft 3 = F, 



t 



b f + a V i? — t>*m 2 1 
" ft» J' 



Similarly from (81) and (84), 



J +be± aVi 

L & 



Also from (80) and (82) we have 

bi — — <> and «, = -+- <S. 

Substituting these values o£ x i x, #, and 

e x in the equation - * '- = e * e ' of a 
x — x 1 x t — x, 
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91 
line through two points in X Z, we have 



=2*1 



and by reduction 

(85) Pee — a* <J m 1 x — 8 & x 

which is one equation of the element 
through (a, #,) and (a:, #,), equation (84) 
being another. 

Squaring (85), introducing the value 
of. m from (84), and reducing, we obtain 

or factoring, 

which is the equation of the cow's horn 
surface. If e be taken negative, the ob- 



Hquity of the arch will be in the opposite 
direction from that of Fig. 3. 

Equation (86) contains only even 
powers of y, hence the surface is sym- 
metrical with respect to the plane X Z. 

If e = ± 6, it becomes 

the equations of the curved directrices. 

If a; = 0, we haves/ = -f- 6 J 1- ~t> two 

right lines parallel to the rectilinear di- 
rectrix. 

If j = 0,then*= S < x T a \ 

If e = some constant = « S, we 
have the intersection by a plane parallel 
to the P F. 

m {S+S-Mr-'-^S+t) 

= 0; 



"fir- 



the equation of the median section. 

In (88) let y = I Jl-t = height 

above X Z o£ lowest point of crown 
of arch = ordinate of median section 
where x — 0. 

■■■e-K'-ar-sf-fr-sr-* 

whence by reduction 

(89) x = ± V2 ? — o». 

This equation gives the x co-ordinates 
of the points in which a tangent to the 
median section at the extremity of ita 
minor axis cuts the curve. In order that 
the arch may stand, these points must be 
imaginary. 

In (89) when e> a *4>0.7071a,:ei3 real; 
» e = 0^=0.70710,*= 0; 
" *<ayi<0.7071a, x is im- 
aginary. 

The third of these cases is therefore 
the condition of stability. 
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The same result may be obtained by 

differentiating (88), placing &- = 0, and 

making the condition that there shall be 
only one value of x for which y is a 



In equation (86) if e = 0, we have 




a cylinder whose axis is Z. 

If f = a, by transposing and extracting 
square root 


0-/4+4)-—=*^ 



the equation of two cones tangent to each 
other along the axis of z. 

The equations of the c j s's can be 
found without difficulty, but they contain 
so many constants and are so complex 
as to be of no practical utility. The 
character of the arch as regards stability 
and tendency to sliding on the coursing 
joints, can be easily seen by examination 
of Fig. 3 and comparing it with Figs. 1 
and 2. It will be noticed that the vertical 
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projection of each element takes a direc- 
tion between those of the normals to the 
elliptical directrices at the points where 
it cuts them ; therefore at some point be- 
tween these it must coincide with the 
vertical projection of the normal to the 
section at that point by the heading 
plane through it. It follows that at this 
point the element will be perpendicular 
to the direction which has been assumed 
to be that of the pressure, and from the 
manner of its construction the c j S will 
be also normal to this direction. At the 
crown this point is midway between the 
faces of the arch, and as we approach the 
springing plane it moves toward the 
points A and C. The curve A U $ is cut 
from the cjs, RSacbya horizontal 
plane through the point U, and the por- 
tion of it from U toward & which would 
lie upon the coursing joint would evi- 
dently be nearly perpendicular to the 
direction of pressure. The curve t) v £ 
is cut from the coursing joint surface 
through the element M N, and the por- 
tion which is upon the voussotr is almost 



Ofi 

exactly perpendicular to the P F. ft\ y\ £\ 
is cut from the surface of the lower face 
of the same course M Q. it p f is the 
curve cut from the c j s through the first 
e j a on that side by a vertical plane per- 
pendicular to the P F through B. It va- 
ries but slightly in the distance n S from 
a right lino, jti pi ?t is a similar curve cut 
by a plane through L. The first one or 
two c j s's from the springing plane vary 
so slightly front a plane in the portion in- 
cluded between the inner and outer sur- 
faces of the arch that they might well 
enough be made e.ractli/ plane when the 
number of courses is large. 

This method of constructing the arch 
gives results therefore, as regards ten- 
dency to sliding in the coursing joints, 
intermediate between those found in the 
two methods previously considered, but 
approaching far more nearly to those ob- 
tained in the logarithmic method ; that 
is, the c j s's are nearly normal to the di- 
rection of pressure. 

An arch may also be constructed with 
the cow's horn soffit and plane coursing 
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joints as follows : On any element, as M 
N, take points midway between the head- 
ing planes, and at these points draw nor- 
mals to the surface ; through these nor- 
mals and the element pass planes which 
will form the c j s's. The coursing joint 
will then be cut in a series of steps, and 
a portion of the voussoirs will have a tri- 
angular vertical face midway between 
the two ends. If the Ex s be also cut 
in steps, the voussoirs will have all their 
faces plane except the soffit, and all their 
edges straight lines except the intersec- 
tions of the heading planes with the sof- 
fit. The construction of the drawings 
and cutting of the stones would thus be 
comparatively easy. 

What was said in treating of the loga- 
rithmic method with regard to the limit 
of obliquity by reason of the edges of 
the voussoirs becoming too sharp where 
a is less than 60°, applies equally well to 
this method of construction. In this 
case, however, as in that, segmental 
arches can be built in which a < 60°. 
Equation (51') could be used to ascertain 



approximately the allowable span for a 
given radius and obliquity when the 
semi-axes of the elliptical directrices have 

the ratio to each other— = cos. a ; that 
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is, such that if the soffit were cylindrical, 
its right section would be a circle. 

If the curved directrices are circles, we 
may obtain an approximate result as 
follows, by supposing the soffit to be 
cylindrical. 

Let the angle PiV^P" = *, 

P'ED = i 

AB^B = c 

the distance C P" = x 

DP'=y 

and /3 = the angle between the P F and 
the tangent plane to the soffit {supposed 
cylindrical). 

A V* B° will then be a right section of 
the cylinder, and its equation will be, 
ifVP = r, 

The equation of the tangent plane to 
the cylinder will then be 



r 2 tan 


r 2 




X\ 




y — 


Pi 




yi sin 2 u' 


X 


tan y = 




Xl 


and 




W 









V xi 2 + t/i 1 sin' 
if -we let ,S = 60°. 



But by (51) sin y = -"*£. = *_ 
cos a I cos a 



.■. 4 a' cos' a = as," -j- #,' si»* «. 
Dividing by #,*, 

4 cos' a = 1 -f- J^. «»* a 

We have tan. # = . — E , whence 

*l_ =; tan' $ cosec* a. 



Substituting 








4 cos' a — 


1 = tan' $ 


5771* 


a 


tan # = 


V 4 cos' <* 


~1 


w 


COB 'P 


_ dm a 

~ 7HT' 
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(90) Oblique span = 2 r cos * 



, oblique span = 



1£a — 45°, obliquespan = —rz r— 1.1547 r 

In the cow's horn soffit this formula, as 
well as (51'), will make the diedral an- 
gles at the edges of the voussoirs in the 
first course slightly greater or less than 
60°, according to their position in the 
course. The exact solution of the prob- 
lem involves an equation of the 4th de- 
gree with four real roots. 

COMPARISON ON THfi THREE METHODS. 

There is one advantage possessed by 
the helicoidal method over each of the 
others ; viz., that it may be constructed 
o£ brick. This is owing to the fact that 
the successive c j c's are parallel, so that 
the voussoirs, except those at the ends of 
the courses, are all exactly alike, while in 



Cou 8 lc 



the other methods each stone is different 
from the next one, though the two halves 
of the arch on each side of the key- 
stone are alike, so that any stone cut 
for one side will fit also in the corre- 
sponding place on the other side. The 
fact that the different voussoirs are alike 
in the helicoidal method, of course les- 
sens the labor of preparing the drawings, 
and of making the necessary measure- 
ments. As regards the difficulty of cut- 
ting the stones, however, this method 
does not seem to have any serious advan- 
tage over the others even by the approx- 
imate method of cutting which has been 
mentioned, while if the coursing and 
heading joint faces were cut with exact- 
ness, as helicoids, the difficulty would be 
fully equal to if not greater than that by 
the other methods. 

It may be considered an advantage as 
regards appearance that the quoin-stones 
should be all alike, or rather those faces 
of the quoin-stones which coincide with 
the faces of the arch. This, of course, is 
the case only with the helicoidal method. 
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It apqears to me, however, that the grad- 
ual decrease in the size of these faces 
from one side of the arch to the other 
would not be displeasing to the eye, 
when taken in connection with the direc- 
tion of the c j c's which would make the 
reason for the decrease obvious. The 
real test, however, is of the relative value 
of the different methods would appear to 
be that of security. When this test is 
applied, the logarithmic and cow's horn 
methods both excel by far the helicoidaL 
It has been shown that in the last men- 
tioned, when semi-circular, there is al- 
ways a tendency to sliding on the cours- 
ing joints, both above and Wow a cer- 
tain point ; that is, the assumed direction 
of pressure is nowhere normal to the 
coursing joints except at a certain height 
above the springing plane equal to r sin. 
39° 32' 23", and that near the springing 
plane this tendency to sliding increases 
rapidly with the obliquity up to a — 20° 
(about) ; while in the logarithmic meth- 
od along eaoh c j c this tendency is zero ; 
that is, the assumed direction of pressure 



is normal to the c j s at any point of the 
c j c, and in the cow's horo the tendency 
is small as' compared with the helicoidal, 

The logarithmic method, therefore, 
seems to approximate to theoretical per- 
fection as regards security, is followed 
closely by the cow's horn, and at a great 
distance by the helicoidal. 

The cow's horn soffit admits of plane 
coursing- joints, as has been shown, which 
are not feasible in the others, and thus 
possesses an advantage over them, if such 
an approximate construction be desira- 
ble. If cheapness be an important item 
to be considered, the last-mentioned 
method would seem to present most ad- 
vantages, as avoiding almost entirely the 
use of curved surfaces, and at the same 
time reducing the sliding tendency to a 
small amount. 

If the main thing to be considered is 
security, the logarithmic method must 
stand first. 
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Coke, Wood, Feat, Petroleum, etc. Fourth edition. 

ISmo, cloth 1 50 

The Mechanical Engineer's Pocket-book of Tables, 

Formula, Rules and Data. A Handy Book of 
Reference lor Dally Use la Engineering Practice. 

lfimo, morocco. Second edition SOD 

-Tramways, their Construction and Working, em- 

■'■■- - ""•"iprehensive history of the system. 

of I'm- vnri'jiis mod' s nf traction, a 






dcscriptioL _..... „ _ 

ample details of Cost and Working Expense". 
Second edition. Re-written and greafly enlarged, 
with upwards of 400 illustrations. Thick Bvo. cloth, 00 

The Steam Engine. A Treatise on Steam Engines 

and .oilcrB; coTi.prisimMlio Principles and Practice 
of t.'ie Combustion..' Hid, Ui« Hrammi cal (ici,era 
tiuriiifSti'ttm.t-tictMiitriiijcioriofStiaiiiiUoLiei-s.and 
t.h« Principle-, Co. -l.i-in-U. .ii HIL.I I erfurmance of 
Steam Klines, Ht;i*i. mirr. I'orrnhle., Locomotive 
and Slarii.e, eicmiiliileu in Kr^irms and Boilers o( 
recent date. 1,300 figures in the text.and a series 
of folding plates drawn to scale. 2 vols. 8vo, cloth. 15 00 

-CLARK (JACOB M.}. A newSystem of Laying Out 
Railway Turn-outs instantly, by inspection from 

CLAiISKX-THU 1W). ThoA.B.C.Unlver-al&'Oi- 
merci-l Ele.cr.iie Telegraphic lode; especially 
adapted for the use of Financiers, Merchants, Ship 
- "• okers, Ageut, etc. Four, h edition, Mo, 



The Al Universal Commercial 



merclal Kled ric Telegraphic 
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PUBLIC ATI OSS. 



CI.EEMAKN (THOS. M.). The Railroad Knffliieei-'s 
Practice. Being a Shore but Complete Inscription 
ol Che Duties ot the Young Engineer la the Prelimi- 
nary and Location Survey* and in Construction. 
Fourth edition. Revised and enlarged. Illustrated. 



■seteas Vehicles. 

On Press.) 

CLEVENGBH (S. B.). A Treatise on the Method of 
Government Surveying as proscribed by the U.S. 
Congress and Commissioner of the General Land 
Offli-e, Willi complete Mathemalical. Astronomical 
and Practical Instructions tor the use of the United 

. Navigation and Nautical 



Prepared for _ 

commander 



..net. 8 BO 



COLE (R. 8., M. A.). A Treatise on Photographic 
Optica. Being an account of the Principles o' 






they apply to Photography. ]2mo, 

illustrations and folding plates 3 BO 

JAS. K.). The private Boot of Useful 
jiiiuj-, mid Memoranda for Goldsmiths, Jewelers, 
elc. 18mo, cloth BO 

CORNWALL (Prof. H. B.). Manual of Blow-pipe 
Analysis, Qualitative and Quantitative. Wiih a 

Complete Mv^tem of Descriptive Mineralogy. 8vo, 
cloth. With many illustrations S BO 

CRAIG (B.F.I. Weights and Measures. An Account 
of the Decimal Kvstfiu, with Tables of Cui.version 
fur Commercial and Scientific Uses. Square aarno, 

CROCKER <F. B.>. Electric Lighting. A Practical 

Ex [msi i ion of the Art, for use of Engineers. Students. 

ot Electrical Plants. Second edition. Revised. 

Rvo, cloth. Vol.1. The Generating Plant 8 00 

VotS (TnPresa.) 



Cou 8 lc 



lO D ViN MjjIR.iNII COMPANY'S 

CRIICRFR, (F. !».), "ml »- S. WHEKLER. ThB 
Practical Management of Dyn<un< s anil Motors. 
Fourth edition (eighth thousand]. Revised and 
enlarged With a special chapter by H. A. Foster. 
lSmo, cloth. Illustrated 1 

C1TMWING< INNAEI1«, W.A.I. Electricity treated 
Experimentally. Foi tbeuse of Schoolsand Students 
New edition. lSinu, cloth I 

DAT IBS (E. H.). Machinery for Metalliferous Mines. 
■ A Practicul TreiLtisu f 1- MinmtfKiigineers. Merallur- 



DAVIS (JOHN W., C. E.). Formula; for the Ca] 
lation of Railroad Excavation and Embankmc 
and for flndbuc Average Haul, Second edit! 
Octavo, half roan 

DAT (CHARLES). The Indicator and ItsDiagrai 
With Chapterr ~ '■'■■■' J '■■ ■■"- 



W. H. Fuwler. 
DERR iW. L). Block Signal Operation. 



.11 Constanta compiled by 



DIXON (D. B.). The Yachlnist'sand Pteam Engineer's 
Practical Calculator. A Compilaiionof UsefulRules 

Go, t T-iVi' n i K'V: ] i :i m i i'r "i j -i'I i7. -i i^l il™ 1.< ^ HI i j i T c ) i ,1s , Mill 

Gearing, Pulleys and Shafts, Steam -Bo i Its and 

Engines, FmbniririH- vaJiiiihlH Tables and Instruc- 

Hon In Borew cutting, Valve and Link Motion, etc. 

16jno, full morocco, pocket form 1 

DODD (GEO ). Dictionary of Manufactures, Mining, 

Machinery, and the Iadtulrlal Arts. IJino, cloth ... 1 
nORB(B.r), The Surveyor's Quids and Pocket 

TkDleBook. JBmo, morocco flap.-. Third edition... 8 
DBAPER <C. H.). An Eletnen-ary T-it B-ok of 

Light, Heat and Sound, « 1th Nuraer-us Examples. 

Fourth edition. 12mo, cloth. Illustrated I 

Heat and the Principles Of Thenno-Dyramlra. 

With many illustrations and numerical examples. 

IBmo, cloth 1 
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IJUBOH (A. J.). The Npw M-lhnrl nf Graphio 
Statica. With 60 lllufl rations. Bvo, cloth 1 

EDDY (Prof. H. T.). Researches In G arUicai 
Butl s kmbraelDK tfew Coi r-tructiocfl in Uiapht- 
cat Msilcs, a Kbit General Met ol In Graphical 
Eta i s. ft d IB- Tom y of. Inttnftl Suissin Giaphl- 

Mailmnrji Stresses under Concentrated Loads. 

Treated graphically. II untried, 8vo, ckth I 

BISftXRB (M.). The M> Ullurgr ft Gold ; a Practical 
Tnatse on the Metal. urgical T.iatmeutor G-lW- 
Btarlu? On a, Ircmdi g the- Process not Cor cpiii ra- 
tion and Chlorinatlon, and ihe Assavluj,-, MwirLna 
and R.flnluHOf Goli. ""'■ urth hdiiii'ii, r-v-ivdaiid 
great I; enlarged. 187 illuatiftlio: s. IBmo.clitb.... 5 

The Mstalru-trj of Pllver ; a Practice 1 Treatise on 

the Arnalgarrati -in. Rua* iikiitiI l.uivation rf S Iver 
Orel. rnoludlai (lie Assay log, M'ltlnji and R fining 
of birr -r Bui ion. 1« illust atione. Bfcor.drdlliO', 
enlarged I8n.O, cloCa 4 

The Me' allurgy of Argenti'erou? Lead ; a Practi- 
cal Treatise on tae Bmrltlm; or Si ve- Leal O esaTd 
the R.flntn; of. Leid Bu Hon Inducing R prrts 
on Vari u* Smelii'g E-tab Ishm-i tn ard I)' ecrit- 
tl'ns of Modern Smeltirg Fun a'e8 snd Plants in 
Eur pe and America. With lea illustratio s. 8vo. 
cloth ... 5 

rVauirt-ProCBSfortheExtract'on of Gold an- 4 

ItsPr«ctie»l AiplL.-aii.il nut n«\Vim« rsradGod 
FffldK In South A rioi. Si't'on'i i-'H'i r>. Enlarged 
gvo,c:oih. Illuatrations a, d loldi g plater, 8 

A Hand-book on Moden ExrlotriYF*, being a 

Practicil Treatisn on ttie Manufacture and use of 
Dynamte, Gun Cotton, Nitru (Hytrin- a d<t"er 

.,tiy I'odtoii'V-ott.onVv'ifh'ciiili.ws °" eipV'siveu in 
practic laprll atio". Be ond edition, enhv g- d iiitn 

ELIOT (C. W ), rand STORES (P. II.). A compen- 
dious, Manual of Qualitative Chemical Anal sla. 
Ravis-d wiib the co-rp rat on rf the autn. rs, I y 
P of. 'William K. Mr-hols. Illuatrat d. Niueleenta 
edition, newly revised by Prof. W. B. Lindsay. 12mo, 
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. EIXIOT (MnJ. OKO. HO- European Light-IInuse 
Siatflms. B-ini a H'port of a Tour of Inspection 
made in 18T3. Gl «u>«* ngaaid 81 woodcuts. Bvo, 
cloth 600 

HI. LI SON (LEWIS M.I. Paetical Ar pi cation of 
rhe Indicator. With > efer< nc - to ■ h - adjustment of 
Valve Gear on r 11 fliylen o 1 En^inea. Seeoid tuition, 
revised. Svo, clotb, 1U0 i] lustrations. . S 00 

EVERETT {J. D.). Elementary Text-Book of 

Physio. Illustrated. Seventh edition. 13oi0,cloth 1 SO 

ETFING (Prof. A. J.). The Jla^n.tiu Indueti'n In 

Iro.if.Dd otter metals 159 illus rations. Bvo, cloth 4 CO 

FANNING (J.T.). A Prftctlca 1 Treatise on Hydrau- 
lic and Wafcr-Sunrlv En. Ine<-rin,r. Bel»tli ' ■ 
Hydro ojy, rlydro-dynMnica, and Pract 
atruction •( Watfr-Wprkaja N'rthAmei 

til. Hilar «i. audi 

fj. C. I,.). 



(Lieut. BRADLEY A., U. S. N.V Blcc'rlc- 
ny In Theory ani Frio ice; i r, The E'ements ef 
II cir.caiEnaiueeiinK eighth edition. Bvo, (loth S 60 

TISHEE (B, K. C. nod HARBV, W. C), S'uden!s' 

Guide tj Submarine Ohio Testing. 8vo,cloth it 60 

FISHER (W. C). The Fiten iometer and ItaAd- 

Jun.ts Bvr-.ck.th 8 36 

FLKI8CHMANN (W.). Th« Bock of th« Dairy. A 
Manual of He Science and Practice of Dau-f Work. 
Translated from theGermiQ. hyC. M, Aikman and 

R. Patrick Wrlgbt. Bvo,cioth 4 00 

FLEMING (Prof. J. A.}. The. Alternate. Ourrent 
Transformer in Theor and Practice. Vol. 1— The 
Induction, t Ilectik Currents; All I ages New edi- 
tion. Illu.rafcd. Svo, clo h BOO 

Vi.l.S. Th-UHllzatfanof Induced Currents. ntas- 
Iratsd. 6vo. cloth 5 00 

El'Ctrie Lami s and Electric Lightng. Being a 

ccursiof fourlcturead-livereda the Hoyai Ins i- 
tutlon, April-Hay, 1894. Svo, cloth, fully iflus' rtvod 8 00 
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PUBLICATIONS. 



FLEMING (Prof. J. A.). Electrical Ltbnra'ory 
Not a and Forms, Elementary and advanced. Hq, 
tlo.h, iiluatr.ted S 

FOLEY (NET-SON), and TBOS. PRAT, Jr. The 

Mec anical Engineers' Rete ence H ok for KikI lue 
" jr Construction, In ~ - • 



Enfrin ering Da'O. P.rt 2-Bolle- const™. ii.:n 
Win flf y-one rlites ■ nd numerous lUufllr.tlor.s 

specially dra«n for this work. Folio, Lalf mor 

FORNEY (MATTHIAS N.). Catohismor t u e Loco 
m tive. Second e tlon, r vised and enlarged 
I orty-sixtb Uouaand. S«o, ctotb 



Tower and C,r» 



FOSTER (H. A.), Electrical Engineers' Focke" Book. 
1000 i aires with the collaboration oC Eminent 
Specialists. (inireas) 

FOSTER (JAMES). Treatise on the E'apora'ion 
on Saccharine, Chemical and other Liquids by the 
Multiple System in Vacuum and Open Air. feconi 






... eloth... 



FOWLER, Mechanical Engineers' Pocket 

18Q0 

FOX (WM.), and C. W. THOMAS. 3 

1'r-ctical cour-ie Id Mechanical Drawin 
cloth with plates 



' n Hydraulic Motor-, on t-i ■ Flow i-f Wat i 
Weirs, In open Canals or uniiorm rectau 
B-ctlon. and through submerged Orifices 
diver ins; Tub s. Ma le at L veil, M ss. Fi 
r?ed, with many n wei 



narrated * 1th 23 cupper i 



Fourth edition. 
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FClLKR (GEOEOE W.I. Report on Ihs Investlga- 

■ "■- ""'-" -or the Ohio "-'— "'■'- 

isde to the F 



_-:e Ohio River Water 

it Louisville, Kentucky, made to the President and 



lished under agreement with the Directors. 4to, 

cloth. 8 full page plates net 1C 

GETI'KI. (WM.l, and KILGrU It, .'M. H.) A 
... . .. ;ofEIectricalEngioeerlDg Fo.mula. II- 



Large paper edition, wide margins. Bvo, morcco, 
giltedges B 

GBRBEK (NICHOLAS). Chemical and Physical 
analysis of Milk. Cv,n,(,Ti«-(l milk mid Infant's Milt- 
Food. 8vo, cloth 1 

GIBUS (WILLIAM r.). Lieb ting by Acetylene, Gen- 
erators. Burners and Electric Furnaces. With 6a 
illustrations. Second edition revised. 13mo, cloth. . I 

OIUMORE (GK.v. Q. A.). Treatise on Limes, Hy- 
rauliciemein.*. ,ir,,i Mortars. I'ai™ on Practical 
Engineering. United States Engineer Department. 
- " "experiments " 



Streets, and Pavements, with TO ilhiBtrmtlona, israi 

cloth 

Report on Strength of BuiLiing Srones in eh 

Unite..! urates, etc. Bvo, tllusti ' ' 



GOLD I NO (HBMIY A.). The Theta-Phi Diaerarj 

- ' ■ — tnd Air El 



■ applied to steam, Gas, Oil 



, with a Supplement 
Ion, enlarged. 1431111 

School Electricity, niastra- 

a 

., F. R. 8.). The Art of Electrolytic Serara- 
Metals, etc. (Theorrticai and Practical.) 

tied. 8vo, cloth 8 

Third Edition. 



■ r,, Google 



PUBLICATION. 

GOULD (E. HHERMAN). The Arithmetic of the 
Steam Engine, evo, cloih 1 

GBIFF1THS (A. D., PI.. D.). A Treatise on Manures, 
or the Philosophy of Manuring. A Practical Hand- 
Book fur the Agriculturist, Manufacturer and 
Student. ]2mo, cloth... 8 

QSOVER (FREDERICK). Practical Trealife on 
Modern Gas and Oil Knajlnea. 8vo, cloth. Illustrated 8 

OUEDEN {RICHARD LLOYD). Traverse Tables: 
computed to 4 places Decimals (Or svery " of angle 
up 1.(> MO of Di-rmn't' l'Vjrthc usi' {if Kurv- vors imd 
EngineeiB. New Edition. Folio, half morocco. .1 



HARDER (HDBMIN C. E.). a Handbook on the 

Steam Engine. With especial rpiVi^mv to Kniu.ll 
and medium ulieil ..-1,,-in.^. Knsrltsh edition rwdited 
byth.i mi; ■■.,-.:■ fr,.:n llir :•-- .Hid lip-nn r, edition, and 
irur:flil«.l wit!-. iMiiMiiiiTiil-l,' lidiliii-us ivil altom- 
lioirabyH. H. P. Powela. limn, cloth. NearlyllOO 

illustrations 3 

■e Differential 
Illustrated,., 

HAISEY (F. A.l. glide YalveGears; bji Explanation of 
the action ai.d ivmsifuotiun of Plain and Cut-off 
Slide Valves. Illustrated, liimo, doth. Sixth 
edition. 1 



HAMILTON (W. O.l. Useful Inform-tion for Rail- 
way Men, Tenth Edition, revl-ed and enlarged. 
«i2 piges, pocket form. Morocco, gilt S 



With Practical Rules and Suggestions fo- use of 
Machinists. Iron Workers, and others. Illustrated 
with 44 engrav ngs- 12uio, cloth I 
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16 D. VAN NOSTRAND COMPANY'S 

HASKIKS(C. H.). The Galvanometer and its Uses 

A M Dual lor Electrician n and Students. Fourth 

HAWKE (WILLIAM H.). The Premier Cipher 
Telegraphic Code Containing 100,000 Wards aid 
Phrases. The most complete and most useful general 
code jet published. 4to, cloth 5 

100.000 Words; Supplement to the Premier Code. 

All the words are select -i from the official vocabu- 
lary. Oblong qu&ito, cloth.. .. , 4 

HAWKiNSiC. C.land WAIXM(F.}. Th'Dvnamo; 
it-iThe 17, Design and Manufacture. 100 lllustra- 
ti db, lima, cloth 3 

HAT (ALFRED). Principles of Alternate-Current 
Working limo, cloth, iliustraed ... . ... Z 

HEAP (Major 1>. P., V. 8. A.). Electrical Appliances 
of lb* Present Day. Report .f the Paris Electrical 
Exposition of 1SS1 350 illustrations, a vo, cloth 2 

H HA VI SIDE (OLIVER). Elect 'omagnetic Theory. 



HERMANN (FELIX). Painting on Glass and Parce- 
ls! ' nd Enamel Palming. On the Basis < f Pei sonal 
Practical Expa ience f the 1 ondltlon efthe Art up 
to date Translated by Charles Salter. Second 
greatly enlarged edition, bvo. eloih, Illustrations, 

HEWSON (WM.). Princ pies and PrsCke of Em- 
banki' g L nds f -■ m River Floods, as apj litd 10 the 
Leieesof the Mississippi. Bio, cloth 3 

HILL (JOHN W.). Th" Purification of Public Water 
Supplies. Illiiatrat d wirh vji uuble Tables. Dia- 
grams and Cuts Bvo, clotu, 804 pages 9 

The Inter, reta [ n ot Water Analyses. . (In Press) 
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HOBB4 {W. R. P.J. The Arithmetic of Electrical 
Measurements, with numerous example!. Full? 
Worked. lSmo, cloth BO 

HOFF (WW. B., Com. U. S. Mary). The Avoidance 

of Collisions at Sea. IHm ., moroc:o .75 

UOI.LEY (ALEXANDER LA Rnflw»y Practice. 
American and Europe n Hai way rrtctlce i'i the 
Economical feneration of Steam. 77 lithographed 
plates. Folio, cloth IS 00 

HOLMES (A, BEOMLET). The EieCflC L'ghtPo- 
vularly Explained. Flftj Edition IllusW ted? 12mo, 
paper 40 

HOPKINS (M3VIL SI.). Model Eogln-s and siua'l 
Hot'. New Methods ofE gine and Boiler Making 
with a chapter on El mtnta-ry Ship 1) sign ind 
Cons ruction, la^.o, cloth 1 85 

HOSPITAIIER (E.). Polyphased Alternating Our- 



Polyphased A 
*o, cloth 



HOWARD (C. B.). E-rlhwrrk Men urnti'n on tt-e 
Bi-M of t e Frlemofd'l Formulae. Containing 
Simp 1 " and La' or-saving Methods of obtaining Pris- 
moidalContnntudirrri]. Irnn End Areas. Illustra- 
tod by Examp < s and accompanied by Plain Rules 

H UMBER i.wii.liAm, C. E.). A Hondy Book for 
the Calcalatio 1 of Strains in Olrde 8 and Similar 

Formulae and Corr spond ng Diagrams, with 
numerou' derails for practical application, etc. 
F-urthEdltiOJ. 12mo, ch.Ih 2 

HURST (GEORGE H.). Colour: A Hand-book of the 
Theory of Colour. Containing ten coloured plutea 
and Vi diagrams. 8vo, c:oth. Illustrated. Price... 3 

Lubricating Oils, Fats and Greases. Their Origin. 

Preparaiio , Properties, Uses ar d Analysis. 313 
p.gtS, withes illustra ions Mvo, cloth S 

— Soaps; AP actiral Manual rf tho Manufactur- of 

■ ~ - ■ ' ■ > r Soaps. Illuslrat d wlta 



63 Engravings. 8vo, cloth.. 
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HUTCHINSON' (W. B. ). Pat* uts and How to Make 

Mo ey out of Them. Member of NewYtrkBar. 

Kmo.cloth. NewYork,18» 1 

HCTTOX (W. 8.). Steam Boiler Construction. A. 
Practical Hand-book for Engineers, Boiler Makers 
and Steam Users. Containing a large collection 
of rules and data relating to recent practice in the 

slatTo^rv," locomotive and™marine Hteam boilers. 
"Willi ui.ivj, r.ls of fn;il illustrations. Third edition. 
Carefully revised and much enlarged. 8vo,cloth... C 

Fraetica Engineer's Hand book, Comprising a 

treatise on Mo.lera Engines and Boilers, Marine, 
T.oooiiLijlin-aii.l Sfalicnury. Ki.urtl] edili.in. Care- 
fully revised with additions. With upwards of 570 
illustrations. 8vo, cloth T 

The Works' Manager's Hand-book of Mndern 

Rules, Tables, and !,,[» I™ Civil and Mechanical 
Knj,'iiie!*iv. Millwrights find fi..,i !cr Makers, M <■., el.r. 
W::h upwards of !f,0 illusirtiiiijiis. Fifth edition. 
Carefully revised, with adrliin.ijs. Bvo, cloth 8 

INNKSICHARI.es H.]. Problems in Machine Design. 
For the Use of Students, Draughtsmen and others. 

Centrifugal Pumps, Turbines and Water Motors. 

Including the Theory and Practice of HjdrauHca. 

IZmo, cloth 1 

I8HKRWODD (n. P.). Engineering Precedents for 

Steam Machinery. Arranged in the most practical 

JAMESON (CHARLES D.t. Portland Cement Ita 
Manufacture and Use. 8vo,cloLh 1 

JAMESON (ANDREW C. E.l. A Text-Book on 
Steam and Steam Engines. Specially arranged for 

the. iiseof^Vieur.-uudArMiu aurtCoildsof London 
Institute, and other Engineering htudents. Tenth 

edition. Illustrated. lSuiu, cloth Si 

Elementary Manual on Steam and the Steam 

Year Science an/ Art, City and Guilds of London 
Institute, and other Elementary Engineering 
Students. Third edition. 18mo, cloth 1 < 
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SCIENTIFIC PUBLICATIONS. I() 

JANNETTAZ (EDWARD). A Guide to the Deter- 
mination of Roots : being an Introduction to 
Lithology. Translated from the French by G. W. 
Plympton, Profrssor i f Physical Seie nee at Brook- 
lyn Polytechnic Institute. 12mo, cloth ISO 

JOHNSTON, Prof. J. F. W., ami CAMERON, Sir 
CHAB. Element* ot AKi-icultui-al Utt-mistry and 
Geology. Seventeenth edition. 13iuo, cloth 3 80 

JOYNSON (F. H.). The Metals used In Construction. 
Iron, Steel, Bessemer Uetkl, etc Illustrated. 13mo, 
cloth 7o 

Designing and Construction of Machine Gearing. 

Illustrated. Bra, cloth 3 00 

KANSAS CITY BRIDGE (THE.) With an Account 
of the Regimen of the Missouri River and a Descrip- 
tion of the Mftlioiis ii ri.-. ! for I", Minding in that River. 
L<v (_>. Chaiiuo. riii-i' Ecisiuoor. nvnl ("icoi'FC 51, mi- 
sou, Assistant Eo^in.-rr. T'lus! rated vi-itll 5 litho- 
graphic clews and 12 plates of plans. 4to, cloth. . . 8 00 

KAFI- <ir-nn,T i: t; .. £i-*ti- T-wm-bi ■. 

lli-trilmrkin. A l'r;jrr.jc!il Tliin.l Look. Fourth 

edition, revlfied. Brno, cloth 3 50 

Dynamos, Alternators and Transformers. 138 

Illustrations, limo, cloth 4 00 

" "Lor Jlotle'i'i ii,": ',.■!,' k',v;ou:^. 'tables and llatii, 



KENNELLY (A. E.). Theoretical Elements of Elec- 
tro Dynamic Machinery, fivo.iloth ] 

KIWJOUR, M. H., SWAN, H.. and PIGGS, C. H, 

W. llevcrie:i! I'lsH-il-iiiruinicu'riiooivarnU'raL-tic..;. 
174 II Ins Ira Lions. ISuio, cloth 4 

KINO (W. H.). Lessons and Pracllcal Notes on 
Steam. The Steam Engine. Propellers, etc., for 
Young Marine Engineers. Siu.Vina. and others, 
ltevi-lff.1 by L'hief Knuincn- J. W.King, United States 
Navy. Nineteenth edition, enlarged. Dvo.cloth — a 

KINODON (J. A.). Appli-d Magnetism. An Intro- 
duction to the Design of Electromagnetic Apparatus. 
8to. cloth S 
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KIBKALDY (TO. G.). Illustrations of David Kirk- 

■ ■ ■ ~ !m of Mechanical Testing, as Orig nated 

On by himduringa Quarter of a Century. 

(t U\r-^ Selection of Tabulate tl Hesiilts, 



aid j' s System of Mechanical Testing, 

(i ml Ca--'--' "-■' ■■■■■■'-■ ' ' - 

showhl„ _ 

rials used 



Carried On by him during a Quarter of aCeut 
iprtsinga Large Selection of Tabulat J "— - 

villi Hie til rnngth and other Propertl 



and Hisiorieal Sketch. Numerous engravings and 

S5 lithographed plates. <to, cloth SO 00 

KIRK WOOD (JAS. P.). Report on the Filtration of 
River Waters for ilif Huijply of '.'li.Lc.h. aa practised in 
Europe, made to the Board of Water CommiMonera 
of the City of 5t. Louis. Illustrated by 3i) double- 
plate engravings. 4to, cloth 7 50 

LABBABEK (C. S.). Cipher and Secret Letter and 
TKl!*Kj-ft[jliic i.'o'Ih. ivitti Hog's Improvements. The 
most perf>ct Secret Code ever invented or discov- 
ered. Impossible to read without the key. 18tno, 

cloth eo 

LAZELLE (II. M.). One Law In Nature. A New 

i'orpu.-eulai' Tlmorv coitii>--t!lit;n!linj,' Unity of Force, 
Identity of Matter, and its Multiple Atom Constitu- 
tion, etc. 12mo, cloth 1 M 

LEASE (A. RITCHIE). Breakdowns at Sea and 
How to Repair Them. With eighty nine Illustra- 
tions. Svo. cloth. Second edition * 00 

Triple snd Quadruple Expansion Engines and 

Boilers and their llnmij.-i.iin.-in. Willi fifty nine 
illusirations. Third edition, revised. liftno, cloth.. BOO 

Refrigerating Machinery : Its Principles and 

MiiiiajjMHieril. Willi sixty-four illustrations. ISmii, 
cloth SOO 

l.KC'KV (S. T. 8.1. " Wrinkles " in Practical Naviga- 
tion. With 130 trust rati .ii*. svo, cloth. Ninth 
edition, revised !« 

LEVY (C. L.). Electric Liebt Primer. A Simple and 
Comprehensive Digest of all of Ihn most important 
(acta connected wftn the running of the dynamo, Hnd 

Bleeuic Uplift, with precnutioris for safety. lor the 
use of persons whose duiy it is to look after the 
plant. Sro, paper K 
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UTACHE (ACH., InBFnlear Civil D*i Mine*). 

The Manufacture of Varnishes, Oil Cnuhtng, Refin- 
ing and Boiling and Kindred Industrial. Translated 
from the French and greatly extended, by John 
Geddes Mcintosh. 8vo. cloth. Illustrated net 6 00 

LOCKE IALFKED G.,and CHABLES O.) A Prac- 
tical Treatise on the Manufacture of Sulphuric Acid. 
With Tl Constructive Plates drawn to cale Neas- 
uremeuts, and other Illustrations. RoyalSvo, cloth. 10 00 

LOCKERT (LOUIS). Petroleum Motor-Cara. 12mo, 
cloth :..' 1 60 

LOCKWOOD (THOS. D.). Electrlcliy, Magnetism, 
and Electro-Telegraphy. A Practical Guide for 
Students, Operators, and Inspectors. 8vo, clotb. 
Thlrdedition r ...... * 60 

Electrical Measurement and the Galvanometer ; 

its Construction and Uoea. Second edition. 82 Illus- 
trations, liuio. cloth., 1 BO 

LOi>GE (OLIVER J.). Elementary Mechanics, 
Including Hydrostatics and Pneumatics. Revised 
edition. 12mo, cloth.. 1 00 

LORING IA. E.). A Hand-book of the Electro-Hag. 



netlc Telegraph. Paper boards... 






Morocco 1 00 

MICE (Com. 8. B.l. Tert-Book of Seamanship. The 
Equipping and Handling of Vessels under Sail or 
Steam For the use of theU. 8. Naval Academy. 
Revised and enlarged edition, by Lt. Wm. S. Benson. 

Bvo, cloth. 10 00 

UfNGE (GEO.). A Theoreticsl and Practical Treatlae 
on the Manufacture of Sulphuric Acid and Alkali 
with tbe Collateral Branches. Vol. I Sulphuric 
Acid, Second edition, revised and enlarg-d. S*2 



Second edition, revised and enlarged. 
Vol IIL Bvo.cloth'.' Newcditiou, 189o!!1!'"!!!.!!1d 
LUNGE. (GEO.), »ml HniTHii, F. The Alkali 

Maker's Pockcl-Bcok Tnhk's ami Analytical Meth- 



Acld, Soda. I'oui-h a) 
It mo, cloth . . 



Sulphuric Acid, Nitric 
jnonla. rJerond edition. 
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LtyilER (LEA MdLYAINE, P>-. D.>. Minerals 

in Hock ~*i;LiQDit. The Practical Method of Idsuti- 
fvinsJ Min»,r,ls in Tt,..'k Sections wiLli tin- miiTO- 
KOpe, Kb i *cially urraaged for -students in Technical 
and Scientific Schools. Bvo. doth. Illustrated .. net 1 
il Treatise o 



mi ezpl i ruing thepractica 



methods 
a Eccentric upon the f lidr-Valve, 



ii :ji(.Lriit the Vita for ir 
□ Engine. Second editii 

MAGITIRE (Ca.pt. EDWARD. IT. S. A.). The 



duties in the Steam Engine. Second edition. 
trated. 4to. cloth 



Sanitation. 338 

..— —.Engineering 

mo, cloth. Illustrated..... 

is Co ist ruction ot Cranes and Lifting 

'. Hydraulic Machinery Employed In 
■atlon and Transmission of Power. 



■0 ill n strati ous. Bvo, cloth. 8 60 
MAYER (Prof. A. M.). Lecture Notes on Physics. 



McCULLOCH (Pmf. R. S.). Elementary Treatise 
on the Mechanical Theory ot Heat, and iis applica- 
tion to Air and Steam Engines. 8vo, cloth 8 



McNKILL (BKI)HtRI)!. 



iiil'sCode. Arranged 

, jb ot Mining, Metallurgical 

ud Civil ttigfneers, Directors of Mining, smelt 

Uro ke™. Soiicito™, Accountants.' Financiers, and 
Hei.er. I Merchants. Safety and Secrecy. 8. o, cloth. 9 
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I. WM. B., V. S. A.). Iron Truss 
Bridges for Railroads The method of caieul tlog 
strain. In Trusses, with a careful comparison of the 
mo t pr nilnei t Trusses, in reference t .economy in 
commotion, -tc. Illustrated. 4to, cloth. Fourth 
Editi n 6 

METAL TUKNTNG. By a Foreman Pat-em Maker. 
Illustrated .uh SI ■ ngravi gs. 12mo, cloth 1 

MINIFIE (WM.). Mechanical D awing. A Teirt- 
bo k fGeometiicalDrfliv.isfortheuueotMe.-hanlcs 
and Schools, in wiilch he Definitions and Rules of 
Geo '»try .re taml iarly explained; the Practical 
Problems are arranged from the most elmuie to the 
mors complex, and In I heir description technicalities 
arsavoid daemn haspos9it.l«. With Lllnstratiorm 
for Dr-wnfcFLne Sec ions, and Elevations of Rail- 
waiBani Machinery; an Introduction to Isometric il 
Drawl "ir. a dan Eaiay on Linea- Perspective a 'id 
Shadows Illustrated wit i over 200 diagrams 
engraved on steel. Ninth n ous^nd. With a appen- 
dix on the Theory and Ai plication of Colors, Bvo, 



Geomtrfcal Drawing. Abridged from the Octavo 



rditioD, for the ui 
steel plates. Ninth 



HODERM : .._ „. 

Lcctu es, d llvered under tbeaus ices of the Meteor- 
ological Booiety in 187 J. Illustrated. lSroo, cloth . 



Second edition. 8vo, cloth 

HOBBIS (E.). Easy Rules for 
Earthworks by means < f the 
Bvo, cloth, Illustrated 



HOSB4 (AlKEKD J.), and PARSONS, C. L. Ele- 
ments of Mlnera ogy. Crystallography and Blowpipe 
Analysis from a practical standpoint. Second 

thousand. 8vo, cloth, atw illustrations nets 

The Characters of Crystals. 

lysicai crystallography, co - 

Illustrations and Diagrams. 8vo. all 
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MOKLLKB |F. C. O.). Krupp's Steel Works. With 
B9 Illustrations. By Fallx Schmidt and Montan. 
Authorized Translation from the Oe man. no, 
cloth (In Press.) 

MIIIXIN (JOSEPH P., M. E.). Modern Moulding 
aud Pattern Making. A Practical Treatise upon 
Pattern Shop and Foundry Wort; em racing the 
Moulding of Pulleys. Spur Geira, Worm Oars, Bal- 
ance-Wherla, Stationary Engine and Locomorive 
Cylind-rs, Globe Valv.'- Tool Wr.rk. Mining Machin- 
ery, Screw Propell re Pattern-Shop Machinery, and 



polas: together with a large collection of original 

i ».., ,_-._.. ^ ulea and Tables forevery- 

g Office, Fatiern-Sbop and 






Foundry. 

HUNBO (JOHN C. 'E.), and JA111BSON 
1MWKW C. E. A Pocket-book of Electrical 
Rules and Tables for the use of Electricians and 
Engineers. Thirteenth edition, revised and enlarged. 

MURPHY ta.-G., M. E.>. Practical Mining. A 
Field Manual for Mining Engineers. With Hints for 
Investors la Mining Properties. 18mo, morocco 



AQUET (A.). Legal Chemistry. A Guide to the 
Detection of Poisons, Falsification of Writings, 
Adulteration of Alimentary and Pharmaceutical 



s, Analysis of Ashes, and examination of 

Hair. Coins, Arms, and Stains, u applied to Chemi- 
cal Jurisprudence. Translated from the French, 
by J. P. Battershall, Ph D., with a preface by C. F. 
Chandler, Ph. D-, M. D., LL. D. Umo, cloth a 

NASMITH (JOSEPH). The Student's Cotton Spin, 
ning. Third edit.i.m, r. visci and cnlarve.l. (ivu 
cloth, ts& pages. i>50 Illustrations 3 

NEWAIX (JOHN TV.). Plain Practical Directions 

for Drawing, S '.in::, and Cutting Uove-1-dcars. -how 
Ing how Llie Teelh i.,a. be 'Ml In a Plain Milling 









any Drawing! Including a Full Bet or Tablen of 
Reference. Folding plates, wo, cio h I 



o,Goog]c 



SCIENTIFIC PUBLICATIONS. 85 

NEWCOMB (EDWARD WJ. Stepping Slnnee to 
Photography, i&iio, cloth. Illustrated. N.Y.1889. 

NEWLANDS (JAMES). The Carpenters' and Join- 
era' Assistant: being a Comprehensive Treatise on 
the Selectio i, Preparation and Strength or Kate- 
rials, and the Mechtimc.il Principles of Framing. 
Illustrated. Folio, half morocco 15 00 

NIFBKB [FRANCIS E., A. M.). Theory of Mag- 

Metbod of Least Squares. 12nio,cIoth " " 



'(HENRY M.|. The Students' Teit-Book of 

Eloctrk-llv. A ni'iv wiiri.-m, oivfully revised. With 
an Introduction and additional chapters by W. H. 
Preece. With 471 illustrations. lSmo, cloth 4 <K 

NUGENT (E.). Treatise on Optics: or, Light and Sight 
theoretically and practically treawd, with the appli- 
cation to Fine Art and Industrial Pursuits, Willi 
jOS illustrations. 1 2m o, cloth 1 51 

C 'CONNOR (HE NKT). The Gas Engineer's Pocket- 
Book. CompriBing Tables, Notes and Memoranda; 

of Coal Gas an" the Construction of Gas Works, 
laruo, full leather, gilt edges In 

OUiiIN (M, A.). Standard Polyphase Apparatus and 
Systems, Fully Illustrated 8 Ot 

PAGE (DAVID). The Earth's Crust, A Bandy Out- 
line or Geology. lBmo, cloth It 

PA1.AZ (A., ScD.). A Treatise on Industrial Pho- 
tometry, with special application lo Electric Light. 
Ing. Authorized translation from the French, by 
George W. Patterson, Jr. Second edition, revised. 
Bto, cloth. Illustrated.. 4 Ot 

FAR3HALL (H. F.), and HOBAKT H. in. 
Armature Windings of Electric Machines. With 140 
full pagn plates, 65 tablrs, aud 165 pages of descrip- 
tive letter press. 4to, cloth 7« 

FARSH1LL (II. F.i, and EVAN PARRS'. 
Electrical Equipment of Tramways (In Press.) 

PEIECE (B.). System of Analytic Mechanics. 4to, 

r Associative Alg-'bra. New edltit 



addenda and notes, by 0. L. Pierce. 4to, cloth 



g-bra. Ne* 
L. Pierce. 



Construction, Underground Working and other Usee. 

(In Press.) 

PERTLY (JOHN). Applied Mechanics. A Treatise 

experimental, numerical and graphical exercises 
illustrating the subject. 8vo, cloth. 6B0pagHS.net 2 
PHILLIPS (JOSHUA). Engineering Chemistry. A 
Practical Treaties fir the use of Analytical Chem 
lets. Engineers, Iron Hasten, Iron Founder*, 
students and othr-re. Comprising methods of Analy 
sia and Valuation of the principal materials used in 
^-■-■— "-a, with nuineroue Analyses, Exam 



PICKWOHTH (CIIAS. NX The Indicator Hand- 
■ "lanual ft •' ■ • 

Illustrations. l£mo, cloth . . . 



book. A Practical Manual for Engine*!.. 

" " r: Its Construction and Application. 6 



A Practical Manual of Instruc- 



on for all Users of the Modern Type of Slide Rule, 
(hlblting the Application of the Instrument to the 
reryday Work of the Engineer,- Civil, Mechanical 
id Electrical. lBrno, flexible doth. Fifth edition. 



PLANE! TABLE (THE). Ita Uses In Topographical 
Surveying. From the Papers of the Unlt*d States 
CoastSurvey. Illustrated. Bvo, cloth 2 

PLANTS (GASTON). The Storage or Electrical 
Energy, and Researches in the Effects created by 
Currents, combining Quantity with High Tension. 
Translated from the French by Paul B. Elwell. 83 
illustrations. 8vo 4 

PLATTNER. Manual of Qualitative and Quantitative 
Analyale with the Blow Pipe. From the last German 
edition, revised and enlarged, by Prof. Th. Rlcblcr, 
of the Royal Saxon Mining Academy. Translated 
by Prof. H. B. Cornwall, assisted by John H. Cas- 
well. Illunl.rai.ed »itli S7 woodcuts and onelitho- 
graphic plate. Seventh edition, revised. »U pages. 
Svo, doth G 
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PLYMPTON (Prof. GEO. W.). The Blow Pipe. A 
Guide to its use Id the Determination of Salts and 
Minerals. Compiled from various sources. lSmo, 

doth IN 

The Aneroid Barometer: its Construction and 

Use. Compiled from several sources. Fourth 

edition, lflmo, boards. Illustrated 6" 

Morocco. 10 

POCKET LOGARITHMS, to Four Places of Deci- 
mals, Including Logarithms of Numbers, and Loga- 
rithmic Bines and Tangents to Simile Minutes. To 
which is added a Table of Natural Sines, Tangents, 
and Co-Tangents, lflmo, boards. G 

POPE (F. L.l. Modem Practice of the Electric Tele- 

Kaph. A Technical Hand book for Electricians, 
wagers and Operators. Fifteenth edition, rewrit- 
ten and enlarged, and fully illustrated- Bio, cloth. 1 & 
POPPLKWKLL (W. C.l. Elementary Treatise on 
Beat and Heat Engines. Special y adapted for 
engineers and students of engineering, llmo, cloth. 
Illustrated 80 

POWLKS (H. H.). Bream Boils re, an Frees.) 

PRAY (Jr., THOMAS}. Twenty Years with the 
Indicator; being a Practical Text-Book for the 
Engineer or the Student, with no complex Formulas. 

Illustrated. 8vo, cloth SB 

Bteara Tables and Engine Constant. Complied 

from Keguault, Banking, anil Dixon directly, making 

use of the exact records. Hvo, cloth 9 

PRACTICAL IRON FOUNDING. By the Author 
of "Pattern Making," &c , &e. Illustrated with 

over one hundred engravinga. lSmo, cloth 1 B 

PB.EECE (W. H.). Electric Lamps (in Press.) 

PREECE (W. H.), and STDBBS, A. T. Manual 

of Telephony. Illustrations and plates. 12mo, cloth. 4 5 
PREMIER CODE. (See Hawk, Wm. H.) 
PRESCOTT (Prof. A. B.). Organic Analysis. A 
Manual of the Descriptive and ., uulytical Chemistry 
of certain Carbon Compound* in UommOO 0se: a 
Oulde in the Qualitative and Quantitative Analysis 
of Organic Materials In Commercial and Pharma- 



a8 D. VAN N05TRAND COMPANY'S 

ceutfcal Assays, in the estimation of Impurities 
under Authorized Standards, sod la Forensic Exam- 
inations for Poisons.wiih Directions Tor Elementary 
Organic AnalytJa. Fourth edition. 810, cloth 5 

PRE9COTT (Prof. A. : 
Organic Analysis, for i 
84.3 Quantitative D— ■ 
tnouly occurring Or E 
tion. liiuiD, cloth . 

First Book in Qualitative Chemistry. Eighth 

edition. Kmo.cloth ( 

and Otis Coe Johnson. Qualitative Cbemcal 

Analysis. A Quids In the Practical Btudj of Chem- 
istry and In the work of Analysis. Fourth fully 
revised edition. With Descriptive Chemistry 
extended throughout 8 

PRITCHARD (O. G.). The Manufacture of Electric 
Light Carbons. Illustrated. 6 vo, paper 

PtTIXEN (W. W. F.I. Application of Graphic Meth- 
ods to the Derail of Sinn-lures. Sjiecially prepared 
for the use of Engineers, licifj, cloth. Illustrated 

net 2 

PUK.8IFER (W. H.). Kotes for a History of Lead. 
Bvo. cloth, gilt tops .... i 

PYNCHON IProf. T. R.). Introduction t( 
Physics, design ■ - 



Hi,-;!-, Schools. I!lusr.nii»(l nil.!] nurntH 
i, and containing copious experlmi 
lions for pivpiirinji l.lioni. New eilil 
i en lurked, Ami illustrated by geflllliu 



BADFORD (Ltent. CYRUS S.). Hand-book on 
Naval Gunnery, Prepared by Authority of the Navy 

Depio-r.meiir.. For [he use of !'. B. Navy, L T . 8. 
Marine Corps and U. S. Naval Keserres. Revlfed 
and enlarged, with i In- iLssisiiuuT of M okely Morgan, 
Lieut. U 8. N Third edition. 12mo, flexible leather, a 00 



RAM (GILBERT S.|. The Incandescent Lamp and 
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RANDALL (J. K.i. A Practical Treatise o 



- Civil Engineering. Comprising Engineering 8ur- 

rVJ Kurluvorl;, J''...UL-lJitiiTi.-.MBs.mr%-. (Mrp'-ntr., 
1-ml \V,,r,i. R.)il. : .s, Hallways, liutiflli. Rivers, 
Vfiut Works. Jliirlxii-s. it.:. With numerous tables 



Machinery at . 

ot.il", Moti ms Work, .•'n-Kii i .-i]i, ( 

Objects or Machines, etc Illustrated with nearly 

&10 non-1 iruts. Seventh edition. ThoroUfhlyrevi---' 

bv W. J. Millar. 8vo, cloth 

The 8te*m Engine and other Prime Move 

With diagram of the mechanical Propel I les 



Thoroughly revised by 



.1 Engln, era. Comprising 

Siiij'iuiiiru! Kii;,'l.ricnl iliii.-mfierini;. Elt-ctrii' T.i^itinj-, 
nil.) Ti-n-hiiiisHLnL of I'wcr l!y Audrey Ji.i.iie-ou, 
C. E., F R S. E, Seventh edition Thoroughly 

revisedby W.J. Millar. Crown 8vo, cloth 4 

— A Mechanical TeiUkmk. By Prof. Macquorn 
Rauklne and E F. Bamher, C. E. With numerous 

Illustrations. Fourth edition 8vo, cloth. S 

i of Fault! in Electric 



30 D. VAN NOSTRAND COMPANY'S 

SEED'S ENGINEERS' HAND-BOOK to the 
Local Marino Board Examination* lor Certificates 
of Competency as First and Second Oass Engineers. 
By W. H. Thorn. With the answers to the Elemen- 
tary Questions. Illustrated by 2u7 diagrams and 36 
large plates. Sixteenth edition, revised and 

Key to the Sixtei 

Engineer's Hand-book to 

Dillon* for First and Second Class Engineers and 

the examination papers By W. H Thorn. 8vo, 

Useful Hints to Sea-going Engineers, and Hon to 

Repair and Avoid '"Break Downs; " also Appendices 
Containing Boiler Explosions, Useful Formulas, 

enr. With -V, difl.jijii.iis and 4 plates. Second edition, 

Marine Boilers: A Treatise on the Causes and 

Preventiui] of their Prim ins. with Remarks on tSitjir 
General Management. Illustrated. 12mo, cloth... i 

REINHARDT (CHAS. W.). Lettering for Drafts- 
men, Kngmeers and Students. A Practical System 
of Freehand Lettering for Working Drawings. 

Fourth thousand. Oblong, boards 3 

JHNSON, 

g the Differs! 

tioiiK, wiiti "special if fere net- [o 111 
Conception of Kates or Velocities, 12 
1KOWALI (J. I..). DeveJopmei 
tlon Systems In the United Stat_. . _ 
tlumiavtu'nsive Description <>( the li-adlngft 
of ad can cement from the colonial era to the present 
time. With illustrations. Quarto, half morocco. . 

RIPPER (WILLIAM), A Course of Instruction in 
Machine Drawing and Desien for Technical Schools 
and Engineer BtNilents. With M plates and numer- 
ous eiplanatory engravings. Folio, cloth 

ROEBLINQ (J. A.). Long and Short Span Railway 
Bridges. Illustrated with large copperplate 
engravings of plana and views. Imperial folio. 



CE (J. HO- and JOHNSON, W. W. On a 

New Method of ol' ' ' ' " ' * " 



■:.n,-CoOglc 



SCIENTIFIC PUBLICATIONS. 

ROGERS (Prof. H. D.). The , Otology of Pennsyl- 
TanU. A Government Survey, with ■ General View 
of the Geology of the United States, essays on the 
Coal Formation and Its Fossils, and a description of 
the Coal Fields of North America and Great 
Britain. Dlustrated with plates and B: 
thetext. S volt, 4to. cloth, W"- — " 

rose (JOSHUA, M. E.). The Pattern Maker** 
Assistant. Embracing Lathe Work, Branch Work, 
Core Work, Sweep Work, and Practical Gear Con- 
structions, the Preparation and Use of Tools, 
together with^a large collection of useful and yalu- 



Eighteentb editloi _ 

360 engravings. 8vo, cloth 

Key to Engines and Engine-running. A Practical 

Treatise upon the Management of Steam Eneines 
■■■-■■ -■ ■■ - -- ■■- - - retoPaes 



Diagrams, Engine Adjuptruerjia, niul uther Valuable 
Information necessary for Engineers and Firemen. 

ISmo, cloth S 

SABINE (ROBERT). History and Progress of the 
Electric Telegraph. With descriptions of some of 
the apparatus. Second edition, with additions. 

BAELTZER (ALEX.). 



SALOMONS (Sir DAVID, M. 



Vol.' II., Apparal 



__. A Practical Hand-book. Elahth 

evised and enlarged, with numerous illus- 

1. L The management of Accumula 



Practical Treatise c( .._... 

facture and Analysis of Nitrated Si 

lng the Fulminates, Smokeless Powden 

lofd. - - ■ - "-" --■ 



tb.STOpages 3 01 

SAUNNIKK (CLAUDIUS). Watchmaker's Band- 
book. A Workshop Companion for those engaged 
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Id Watchmaking and allied Mechanical Arts. Trans 
lated by J. Tripplin and E Rlgg Second edition, 

revised with appendix. 12mo. cloth t 

&CH ELLEN (Or. H.). Magneto- E;eetric and Dynamo- 



ion, by N 8. Keith and Percy Neymann. Pb. D 
h very large additions and notes relating to 
eriran MiiiihlnsiH, by VS. Keith. Vol I., with 858 



SCHUMANN (F.). AMaoualof 

Kngfiiivr* nn.l \ rchil.e.its. El 

11 nd return pipes for steam and hot 
flues, etc. 12iao, Illustrated, full roai 



for the use of 
heating, flow 



Squares ami Cubes, Sijuuri' iu;d Cub'' Knots, 



Ilyd nstatlcs. Hydraulics, Statics. Centres 
cuasion and Gyration. Friction Heat, Tables 
Wtight ot Metal", Scantling, eic.. Steam ai 
Steam Engine. Twentieth edition revised, 
fullmorocco 



SKA TON (A. E.). A Manual of Marin- Engineering. 

i.Vuii'iMnj! the Deigning, (---- ■■■■ '■ 

ingof Marine Maeiimery. 
nod illu-trationa reduced Tro_ .. — .. 
Fourteenth edition. Revised throughout, with an 
additional chapter on Wa er Tube Bolleia 8vo., 

and ROUNTHWAITE ( H. M.). A Pocket- 
book of Marine Engineering Rules and Tables. For 



. Engineering _ . 
'. of Marine Engineers and Naval Architects, 

- ightamen, f " 

design and 

...j, .._ral and Mi 

revised and enlarged. Pocket size. Leather, with 



Designers, UrBUIfblFimen. Superintendents, ami all 
engaged In the design and construction of T' — '- 
Machinery, Naval and Mercantile. Fifth e 



ughtsn.— — ... . — 

design and construction of Marine 

_ Jlarged. _ 
Reprinting, 
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SEXTON (A. HUMROLDT). Fuel sod Rcfractory 

Malerials. 8vo,oloUl 8 00 

E.). Notes oo Engineering Conjtruc- 
uuu c-muracing Discussions of the Principles 
Involved, and Descriptions of the Material emploVad 
in Tunnelling, Bridging, Canal and Road Building, 

SHOCK (WM. HO. Steam Boilers; Their Design, 

Construction and Management. 4to, half morocco. 15 00 

SHSKVE (8. H.). A Treatise on the Strength of 
Bridges and Roofs. Comprising the delerminatlon 
of Algebraic formulas for strains in Horizontal, 
Inclined or Rafter, Triangular, Bowstring, L-jiticu- 

with practical applications nnd examples, for the 
use of Students and Engineers. 87 woodcut ill us. 

Fourth edition. 8vo, cloth 3 60 

8HUNK (W. P.). The Field Engineer. A Handy 
Boob of practice In the Si irvy, Location, and Truck, 
work Of Railri.ads, containing a larjrr- rolleri.irri of 
Bulesand Table-, oiiirijial an;! selected, applicable 
to both thi Standard and Narrow liauge. and pre- 

young Engineer. Eleventh edition, revised and 

SIMMS (P. W,). A Treatise on the Principles and 
Practice of Levelling. Showing its application to 
purposes of Railway Engineering, and the Con- 
Btl'UCliou of K'jiuIh, elc Revised arid collected, 
with the addition of Mr Laws' PnoU-n] Examples 
tor letting cut Railway Curves. Illustrated, ««,, 
cloth SM 

' INMS (W. F.). Practical Tunnelling. Fourth edition, 
reviied and greatly extended. With additional 
chanters illiislratiris recent pn^Ii'-e. i.y D. Kin near 
Clark. WithSfl p'ates and other illustrations. Im- 
perial 8vo, cloth 12 00 

~~. ~T.)i Sewage Treatment, Purification, 
i.l Utilization. A Practical Manual forth,; [.:-e ot 
vjorpo rat Ions, Local Boards, Medical Officers of 
Health, Inspectors of Nuisances. Chemists, Manu- 
facturers, Riparian Owners, Engineers, and Bate- 
payers. 1 a mo, cloth 8 2S 
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SMITH (Ifl A AC 1 



0, cloth 

STAHL (A. IT.), ami A. T. WOODS. Elementary 
Mechanism. A Test BookforStudentsof Mechanical 
Engineering. Fourth edition, enlarged. 12mo, 

STALEY (CADY), and I'lERSON, GEO. 8. The 

Separate System of Bewpr«ge: Ita Theory and Con- 
traction. Third edition, revised. Bvo, cloth. With 

maps, plates aud llluitratlouB S 

STEVENSON (DAVID, F.B.8.N.). The Principle* 
and Practice ot Canal and Biver Engineering. Be- 



— The Design and Construction of Harboi 
Treatise on Maritime Engineering. Third e 
withal plates, 8vo. cloth 
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